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POLYACRYLIC ACID (SALT)
WATER-ABSORBING RESIN AND
MANUFACTURING METHOD THEREFOR

TECHNICAL FIELD

The present invention relates to a polyacrylic acid (salt)-
based water-absorbing resin and a method for manufacturing
the polyacrylic acid (salt)-based water-absorbing resin. More
specifically, the present invention relates to (i) a water-ab-
sorbing resin which is used as an absorbent body of hygiene
product such as a disposable diaper and a sanitary napkin and
(i1) a method for manufacturing the water-absorbing resin.
Moreover, the present invention relates to a method for manu-
facturing, at low cost, a polyacrylic acid (salt)-based water-
absorbing resin which has excellent physical properties.

BACKGROUND ART

A water-absorbing resin is recently developed as a sub-
stance having high water-absorbing property, and is widely
used mainly for a disposable purpose, e.g., as an absorbent
body of hygiene product such as a disposable diaper and a
sanitary napkin, further, as an agriculture/horticulture water
retaining agent, an industrial waterproofing agent, and the
like.

Currently, various kinds of water-absorbing resin exist, and
a large number of monomers and hydrophilic polymers exist
as raw materials for such water-absorbing resins. Among
these, a polyacrylic acid (salt)-based water-absorbing resin
using acrylic acid and/or salt thereof as a monomer is most
abundantly manufactured in the industry due to its high
water-absorbing property.

The polyacrylic acid (salt)-based water-absorbing resin is
neutralized into polyacrylic acid salt before or after polymer-
ization of acrylic acid, and such a neutralization method and
apolymerization method are disclosed in Patent Literatures 1
through 4 and Non Patent Literature 1. Moreover, Non Patent
Literature 2 discloses that such acrylic acid encompasses an
acrylic acid dimer.

In recent years, mass production of water-absorbing resin
has been carried out in accordance with increase in demands
for the water-absorbing resin. Under the circumstances, tech-
niques have been developed for stably supplying a large
amount of good-quality acrylic acid as a main raw material
for the water-absorbing resin.

For example, the following techniques for preventing
troubles are known, that is, a technique to remove polymers,
which are generated when acrylic acid is transported or stored
(Patent Literatures 5 and 6), a technique to transport acrylic
acid in an aqueous solution state (Patent Literature 7), and a
technique to transport acrylic acid after neutralizing the
acrylic acid (Patent Literature 8).

A physical property of a water-absorbing resin is influ-
enced by impurity in acrylic acid. Therefore, in recent years,
higher-purity acrylic acid tends to be used as a raw material
acid for a water-absorbing resin, in accordance with improve-
ment in performance (i.e., physical property) of water-ab-
sorbing resin. Under the circumstances, techniques have been
developed for controlling impurity in acrylic acid. Examples
of such techniques encompass techniques relating to control
of an acrylic acid dimer (Patent Literature 9, Non Patent
Literature 1), propionic acid (Patent Literatures 10, 11), ace-
tic acid and propionic acid (Patent Literature 12), allyl acry-
late and allyl alcohol (Patent Literature 13), protoanemonin
(Patent Literature 14), and furfural (Patent Literature 15).
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Further, regarding trace components in the acrylic acid, a
technique on a polymerization inhibitor for acrylic acid has
been developed. For example, techniques are known which
relate to hydroquinone and benzoquinone (Patent Literature
16), methoxyphenols (Patent Literature 17), and an N-oxyl
compound and a manganese compound (Patent Literature
18).

Furthermore, techniques are known such as a technique to
use acrylic acid which has been manufactured from a sustain-
able raw material (Patent Literature 19), a technique to use
acrylic acids purchased from two or more manufacturers
(Patent Literature 20), and a technique relating to countries
manufacturing acrylic acid (Patent Literature 21).

Despite the improved techniques above cited, there is still
room for improvement in mass production of a water-absorb-
ing resin from acrylic acid. For example, in general, a lower
impurity content in acrylic acid is considered to be better.
From this, the water-absorbing resin tends to be obtained
from acrylic acid that contains impurity as little as possible, as
disclosed in Patent Literatures 11 through 14, etc.

However, in order to reduce the impurity content, purifica-
tion of acrylic acid is carried out with a large amount of labor
and cost, and this causes a problem that expansion of scale in
producing water-absorbing resin from high-purity acrylic
acid is greatly restricted from the viewpoint of cost, procure-
ment of acrylic acid, and the like.

In a case where propionic acid, which is one of impurities,
is controlled to be contained by a predetermined amount or
more in polymerization, a water absorption capacity (CRC)
of the water-absorbing resin is improved (Patent Literatures
10 and 11). However, if a large amount of the propionic acid
remains after the polymerization, a resultant water-absorbing
resin sometimes emits stronger unpleasant odor (acid odor).
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SUMMARY OF INVENTION
Technical Problem

An object to be attained by the present invention is to
provide a method for manufacturing a water-absorbing resin,
which has an excellent water-absorbing property, by using, as
a raw material, acrylic acid which is suitable for mass pro-
duction of the water-absorbing resin.

Solution to Problem

In view of the problem, the inventors of the present inven-
tion have studied on a method for purifying acrylic acid. As a
result, the inventors of the present invention found it possible
to reduce cost in purification of acrylic acid without causing
adverse influence on a water-absorbing resin and on a method
for manufacturing the water-absorbing resin, by purifying
acrylic acid such that an amount of acetic acid, which is one
of various impurities in the acrylic acid, becomes a specific
amount larger than a conventional amount. In conventional
techniques, impurities in acrylic acid are separated by select-
ing an optimal purification method and its degree (such as the
number of times) in accordance with boiling points and melt-
ing points (eutectic points) of the impurities. For example, a
problem has conventionally been known that an odor (i.e.,
acid odor) is generated if acetic acid (boiling point: 118° C.,
melting point: 17° C.), which is one of impurities in acrylic
acid (boiling point: 142° C., melting point: 12° C.), remains in
water-absorbing resin (Patent Literature 12). However, exces-
sive purification of acrylic acid is disadvantageous in view of
cost, and sometimes causes decrease in productivity of
acrylic acid. Therefore, such excessive purification of acrylic
acid is disadvantageous also in view of stability in supplying
a raw material (i.e., ultra-high purity acrylic acid) for the
water-absorbing resin.

Under the circumstances, the inventors of the present
invention focused particularly on acetic acid among various
impurities in acrylic acid, and have accomplished the present
invention based on the finding of a method of efficiently
removing acetic acid in manufacturing a water-absorbing
resin, without relying on excessive purification in preparing
acrylic acid. That is, the inventors of the present invention
found it possible, without causing the problem in securing the
raw material acrylic acid (i.e., ultra-high purity acrylic acid),
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to reduce manufacturing cost and obtain a water-absorbing
resin that has a high physical property and does not emit an
odor by (i) using acrylic acid, which contains acetic acid by a
predetermined amount or more, as a raw material for the
water-absorbing resin and then (ii) removing the acetic acid in
manufacturing the water-absorbing resin.

Furthermore, the inventors of the present invention have
accomplished the present invention by finding it possible to
reduce the odor (i.e., acid odor) generated due to acetic acid
remaining in the water-absorbing resin to a level that causes
no problem in the practical use, by controlling, for example,
a particle diameter of the water-absorbing resin.

In order to attain the object, a method of the present inven-
tion for manufacturing a polyacrylic acid (salt)-based water-
absorbing resin includes the steps of: (a) preparing a mono-
mer aqueous solution containing acrylic acid (salt) as a main
component; (b) obtaining a water-containing gel-like cross-
linked polymer by carrying out aqueous solution polymeriza-
tion or spray drop polymerization with the monomer aqueous
solution; (c) drying the water-containing gel-like cross-
linked polymer; and (d) surface-crosslinking water-absorb-
ing resin powder obtained after the step (c), the steps (a)
through (d) being carried out in this order, an acetic acid
concentration in acrylic acid or an acrylic acid aqueous solu-
tion, which is supplied in the step (a), being in a range of 300
ppm to 10000 ppm (on an acrylic acid basis), and an acetic
acid concentration lowering rate, which is defined by For-
mula 1 below, being 35% or higher:

[Math. 1]

(Acetic acid concentration lowering rate) (%)={1-
(acetic acid concentration (ppm) in water-absorb-
ing resin)/(acetic acid concentration (on acrylic
acid basis) (ppm) in acrylic acid or acrylic acid

aqueous solution) }x100 Formula 1

where “(acetic acid concentration (ppm) in water-absorb-
ing resin)” is an acetic acid concentration in the polyacrylic
acid (salt)-based water-absorbing resin, and “(acetic acid
concentration (on acrylic acid basis) (ppm) in acrylic acid or
acrylic acid aqueous solution)” is an acetic acid concentration
(on the acrylic acid basis) in the acrylic acid or the acrylic acid
aqueous solution which is supplied in the step (a).

Moreover, in view of the problem, the inventors of the
present invention have found the water-absorbing resin,
which hardly emits odor, by controlling acetic acid and other
acid components remaining in the water-absorbing resin to be
contained by a predetermined amount.

That is, according to a polyacrylic acid (salt)-based water-
absorbing resin of the present invention, an acetic acid con-
tent (i.e., an acetic acid concentration) is in a range of 100
ppm to 7000 ppm, a propionic acid concentration (i.e., a
propionic acid content) is less than 300 ppm, a residual mono-
mer (i.e., a residual monomer concentration) is less than 500
ppm, a weight average particle diameter is 300 um to 600 um,
and a logarithmic standard deviation (o) of particle diameter
distribution (i.e., a logarithmic standard deviation of particle
size distribution) is 0.20 to 0.50.

Advantageous Effects of Invention

The present invention makes it possible to (i) reduce cost
for purifying acrylic acid which is a raw material for a water-
absorbing resin and (ii) use and procure a broad range of
acrylic acid without restriction in purity. Accordingly, the
present invention is suitable for mass production of the water-
absorbing resin from the viewpoint of cost. The water-absorb-
ing resin made by the use of the acrylic acid has excellent
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physical properties, and in particular it is possible to inhibit
odor of the water-absorbing resin itself.

DESCRIPTION OF EMBODIMENTS

The following description will discuss details of a method
for manufacturing the polyacrylic acid (salt)-based water-
absorbing resin of the present invention. Note, however, that
the scope of the present invention is not limited to the follow-
ing descriptions, and the present invention may be appropri-
ately modified and worked in a manner other than examples
described below, to the extent of being not contrary to the
purpose of the present invention. Specifically, the present
invention is not limited to the embodiments below, but can be
altered by a skilled person in the art within the scope of the
claims. An embodiment derived from a proper combination
of technical means disclosed in respective different embodi-
ments is also encompassed in the technical scope of the
present invention.

[1] Definition of Term

(1-1) “Water-Absorbing Resin”

The “water-absorbing resin” of the present invention indi-
cates a water-swelling and water-insoluble polymer gelati-
nizer that has the following physical properties. That is, the
“water-absorbing resin” of the present invention indicates a
polymer gelatinizer whose CRC (water absorption capacity
without load), which is defined in ERT441.2-02 (2002) as an
indicator of the “water-swelling” property, is 5 (g/g) or
higher, and Ext (water soluble component), which is defined
in ERT470.2-02 (2002) as an indicator of the “water-in-
soluble” property, is 50 wt % or less.

The water-absorbing resin can be designed as appropriate
in accordance with the purpose of use, and is not limited to a
particular one. The water-absorbing resin is preferably a
hydrophilic cross-linked polymer which has been obtained by
crosslinking and polymerizing unsaturated monomers each
of which has a carboxyl group. Moreover, the water-absorb-
ing resin is not limited to a form in which the water-absorbing
resin is wholly (i.e., 100 wt %) a polymer, and can be a
water-absorbing resin composition that contains an additive
and the like within a range in which the above described
physical properties (i.e., CRC, Ext) are satisfied.

Moreover, the water-absorbing resin of the present inven-
tion is not limited to an end product, and can be an interme-
diate (e.g., a dried polymer after drying or water-absorbing
resin powder before surface crosslinking) obtained during
manufacturing of a water-absorbing resin. As such, all of
these are collectively referred to as “water-absorbing resin” in
this specification.

(1-2) “Polyacrylic Acid (Salt)”

The “polyacrylic acid (salt)” of the present invention indi-
cates a polymer that arbitrarily contains a graft component
and contains, as a main component, acrylic acid and/or salt
thereof (hereinafter, referred to as “acrylic acid (salt)”) as a
repeating unit.

Note that the “main component™ indicates that an acrylic
acid (salt) content (used amount) relative to entire monomers
(excluding an internal crosslinking agent) used in polymer-
ization is in a range of normally 50 mol % to 100 mol %,
preferably 70 mol % to 100 mol %, more preferably 90 mol %
to 100 mol %, still more preferably substantially 100 mol %.
The polyacrylic acid salt as a polymer essentially contains a
counter cation of a carboxyl group, preferably contains a
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monovalent cation, more preferably contains an alkali metal
ion or an ammonium ion, particularly preferably contains
sodium salt.

(1-3) “EDANA” and “ERT”

“EDANA” is an abbreviation for “European Disposables
and Nonwovens Associations”, and “ERT” is an abbreviation
for “EDANA Recommended Test Methods” which is a Euro-
pean standard (which is substantially international standard)
method for measuring water-absorbing resin. In the present
invention, physical properties of the water-absorbing resin
are measured in conformity to the ERT original copy (revised
in 2002/publicly known document), unless otherwise noted.

(a) “CRC” (ERT441.2-02)

“CRC” is an abbreviation for Centrifuge Retention Capac-
ity, and means water absorption capacity without load (also
referred to as “water absorption capacity”). Specifically,
“CRC” is water absorption capacity (unit; g/g) measured
when 0.2 g of a water-absorbing resin in a nonwoven fabric,
which water-absorbing resin has freely swollen a large excess
of a 0.9 wt % of sodium chloride aqueous solution for 30
minutes, is drained by a centrifugal separator (at 250 G).

(b) “AAP” (ERT442.2-02)

“AAP” is an abbreviation for Absorption Against Pressure,
and means water absorption capacity under load. Specifically,
“AAP” is water absorption capacity (unit; g/g) measured
when 0.9 g of a water-absorbing resin has swollen a large
excess of'a 0.9 wt % of sodium chloride aqueous solution for
1 hour under a load of 2.06 kPa (0.3 psi). Note that, in the
present invention, the load condition is changed to 4.83 kPa
(0.7 psi).

(c¢) “Ext” (ERT470.2-02)

“Ext” is an abbreviation for Extractables, and means a
water soluble component. Specifically, “Ext” is a value (unit;
wt %) obtained by measuring, by pH titration, an amount of a
polymer that has been dissolved when 1.0 g of a water-
absorbing resin is stirred in 200 ml of a 0.9 wt % of sodium
chloride aqueous solution at 500 rpm for 16 hours.

(d) “Residual Monomers” (ERT410.2-02)

“Residual Monomers” indicates an amount of monomers
that remain in a water-absorbing resin. Specifically,
“Residual Monomers™ is a value (unit; ppm) obtained by
measuring, by high-performance liquid chromatography
(HPLC), an amount of residual monomers that remain after
1.0 gofawater-absorbing resin is stirred and dissolved in 200
ml of'a 0.9 wt % of sodium chloride aqueous solution at 500
rpm for 1 hour.

(e) “Moisture Content” (ERT430.2-02)

“Moisture content” is a moisture content of a water-absorb-
ing resin. Specifically, “Moisture content” is a value (unit; wt
%) calculated from a drying loss when 4.0 g of a water-
absorbing resin has been dried at 105° C. for 3 hours. Note
that, in the present invention, the amount of the water-absorb-
ing resin is changed to 1.0 g and the drying temperature is
changed to 180° C.

() “PSD” (ERT420.2-02)

“PSD” is an abbreviation for “Particle Size Distribution”,
and means a particle diameter distribution which is measured
by sieve classification. Note that a weight average particle
diameter (D50) and a particle diameter distribution range are
measured in a manner disclosed in the specification of U.S.
Pat. No. 7,638,570, columns 27 and 28 “(3) Mass-Average
Particle Diameter (D50) and Logarithmic Standard Deviation
(0¥) of Particle Diameter Distribution”.

(1-4) “Liquid Permeability”

“Liquid permeability” of a water-absorbing resin indicates
aflowing property of aliquid which permeates between swol-
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len gel particles under a load or under no load, and is typically
measured in terms of SFC (Saline Flow Conductivity) or GBP
(Gel Bed Permeability).

“SFC (saline flow conductivity)” indicates liquid perme-
ability of a 0.69 wt % of sodium chloride aqueous solution
relative to a water-absorbing resin under a load of 2.07 kPa,
and is measured in conformity to an SFC testing method
disclosed in U.S. Pat. No. 5,669,894.

“GBP (gel bed permeability)” indicates liquid permeabil-
ity of a 0.9 wt % of sodium chloride aqueous solution relative
to a water-absorbing resin under a load or under free swell,
and is measured in conformity to a GBP testing method
disclosed in International Publication No. 2005/016393.

(1-5) “Acetic Acid Concentration”

In the present invention, “acetic acid concentration” indi-
cates a concentration in a case where all acetic acids, which
are contained in a monomer aqueous solution, a water-con-
taining gel-like cross-linked polymer, and a water-absorbing
resin, exist as an acid type. That is, the “acetic acid concen-
tration” indicates a total concentration of acetic acid and
acetic acid salt (on the acetic acid basis) (e.g., a total concen-
tration of acetic acid and sodium acetate in partially neutral-
ized sodium polyacrylate). Note that a concentration of acetic
acid salt (e.g., sodium acetate having a molecular weight of
82.03) is defined as a concentration obtained by converting
the weight of acetic acid salt into a weight (i.e., a molecular
weight of 60.05) of acetic acid. This is because an acetic acid
concentration is measured (as later described) in terms of
acidity (i.e., by liquid chromatography with the use of a
phosphoric acid eluting solution).

(1-6) “Acetic Acid Concentration Lowering Rate”

In the present invention, “acetic acid concentration lower-
ing rate” is a parameter defined in Formula 1 below and is a
value (unit; %) obtained from (i) an amount of acetic acid
which is contained in a water-absorbing resin obtained as a
product (that is, the polyacrylic acid (salt)-based water-ab-
sorbing resin of the present invention or the polyacrylic acid
(salt)-based water-absorbing resin manufactured by the
method of the present invention) and (ii) an amount of acetic
acid which is contained in acrylic acid or an acrylic acid
aqueous solution which is used as raw material acid (that is,
acrylic acid or an acrylic acid aqueous solution supplied in a
monomer preparing step).

[Math. 2]

(Acetic acid concentration lowering rate) (%)={1-
(acetic acid concentration (ppm) in water-absorb-
ing resin)/(acetic acid concentration (on acrylic
acid basis) (ppm) in acrylic acid or acrylic acid

aqueous solution) }x100 Formula 1

Here, “acetic acid concentration (ppm) in water-absorbing
resin” in Formula 1 indicates an amount of acetic acid con-
tained in a water-absorbing resin which is obtained as a prod-
uct. Note that, the unit (ppm) of the amount of acetic acid
herein is on the basis of weight, and an abbreviation “ppm” is
used in this specification instead of “weight ppm” for conve-
nience.

Moreover, “acetic acid concentration (on acrylic acid
basis) (ppm) in acrylic acid or acrylic acid aqueous solution”
indicates an acetic acid concentration (on the acrylic acid
basis) in acrylic acid or an acrylic acid aqueous solution used
as raw material acid. A freezing point of acrylic acid is rela-
tively high, i.e., 12° C. From the viewpoint of ease of han-
dling, therefore, acrylic acid is sometimes sold, transported,
and stored as an acrylic acid aqueous solution whose freezing
point has been decreased (e.g., as a 80 wt % of aqueous
solution having a freezing point of -5.5° C.). In this case, an
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acetic acid concentration (ppm) in the acrylic acid aqueous
solution is defined based on a weight of acrylic acid (exclud-
ing water).

How these acetic acid concentrations are measured will be
described in detail in Examples.

Note that the “acetic acid concentration (on the acrylic acid
basis) in acrylic acid or an acrylic acid aqueous solution used
as raw material acid” is synonymous with “acetic acid con-
centration (on the acrylic acid basis) in acrylic acid or an
acrylic acid aqueous solution supplied in monomer preparing
step”, and “on the acrylic acid basis” means that measurement
is carried out on the basis of (i) a weight of acrylic acid used
as raw material acid or (ii) a weight of acrylic acid contained
in an acrylic acid aqueous solution used as raw material acid.

The acetic acid concentration “on the acrylic acid basis”
can be obtained, specifically, by analyzing the acrylic acid or
the acrylic acid aqueous solution, which is used as the raw
material acid, with gas chromatography.

(1-7) “Acetic Acid Removing Rate”

In the present invention, “acetic acid removing rate” (unit;
%) is a parameter defined by Formula 2 below and is a value
that defines an amount of acetic acid removed from the water-
absorbing resin in each step (unit operation). In general, an
absolute amount of each of a monomer aqueous solution, a
water-containing gel-like cross-linked polymer, and a dried
polymer, which corresponds to a denominator, also changes
in terms of weight by each of the steps, and the acetic acid
removing rate is therefore calculated based on Formula 2
below by taking consideration such a change in weight.

[Math. 3]

(Acetic acid removing rate) (%)={1-(acetic acid con-
centration after processing) (ppm)x(weight of
water-absorbing resin after processing) (g)/(ace-
tic acid concentration before processing) (ppm)x
(weight of water-absorbing resin before process-
ing) (g)}x100

For example, in a case where an acetic acid removing rate
in polymerization is calculated, “weight of water-absorbing
resin before processing” is replaced with “weight of mono-
mer aqueous solution”, and “weight of water-absorbing resin
after processing” is replaced with “weight of water-contain-
ing gel-like cross-linked polymer”.

Moreover, “acetic acid concentration before processing”
indicates “acetic acid concentration in monomer aqueous
solution”, and is a concentration of acrylic acid, which is used
as raw material acid, and acetic acid are diluted with an
auxiliary material (e.g., a basic compound used in neutraliza-
tion, an internal crosslinking agent, or water used as a poly-
merization solvent). Here, the term “dilute” means a relative
increase of all components which correspond to a denomina-
tor in calculating a concentration. Specifically, in a case
where sodium acrylate (having a neutralization rate of 75 mol
% and an average molecular weight of 88.55) is prepared
from acrylic acid (having a molecular weight of 72.05), a
weight of all components corresponding to a denominator is
increased, and accordingly an acetic acid concentration is
decreased. Note that a term “concentrate” means the oppo-
site.

Moreover, “acetic acid concentration after processing”
means “acetic acid concentration in water-containing gel-like
cross-linked polymer (on the basis of an overall weight of
water-containing gel-like cross-linked polymer)”.

Ina case where an acetic acid removing rate in a drying step
is calculated, “weight of water-absorbing resin before pro-
cessing” is replaced with “weight of water-containing gel-

Formula 2
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like cross-linked polymer (on the basis of an overall weight of
water-containing gel-like cross-linked polymer)”.

An acetic acid removing rate in a plurality of steps or in an
entire process for manufacturing the water-absorbing resin
can be similarly obtained by assuming the plurality of steps or
the entire process for manufacturing the water-absorbing
resin as one (1) step.

According to the manufacturing method in accordance
with the present invention, it is preferable that acetic acid is
removed by 10 wt % or more in the polymerization step and
subsequent steps. That is, it is preferable to remove acetic
acid, which is contained in acrylic acid or an acrylic acid
aqueous solution supplied in the monomer preparing step, so
that a total acetic acid removing rate defined in Formula 2
above becomes 10% or higher by the polymerization step and
the subsequent steps described later.

That is, it is preferable that an amount of acetic acid in a
polyacrylic acid (salt)-based water-absorbing resin, which
has been obtained by the polymerization step and the subse-
quent steps, is preferably obtained by reducing, by the remov-
ing rate of 10% or higher, an amount of acetic acid contained
in the acrylic acid or the acrylic acid aqueous solution that is
supplied in the monomer preparing step.

According to the manufacturing method in accordance
with the present invention, acetic acid can be efficiently
removed in the polymerization step and the subsequent steps,
without excessively purifying the acrylic acid that is supplied
in the monomer preparing step. This allows the total acetic
acid removing rate to be 10% or higher.

(1-8) Average Sphericity

A sphericity (SPHT) is defined as in Formula 3 below:

[Math. 4]

AnA
SPHT = —-
U2

Formula 3

(where “A” is a cross-sectional area of a polymer particle,
and “U” is a circumference length of the cross section of the
polymer particle).

The sphericity (SPHT) is measured with a method later
described. In this specification, an average sphericity is a
(volume) average sphericity which is weighted with a volume
of'a sphere whose diameter corresponds to a minimum width
of a polymer particle (here, the polyacrylic acid (salt)-based
water-absorbing resin of the present invention is also encom-
passed in the “polymer particle™).

(1-9) Others

In this specification, a range of “X to Y’ means “X or more
(higher) and Y or less (lower)”. Moreover, “t (ton)”, which is
a unit of weight, means “metric ton”, and “ppm” means
“weight ppm” or “mass ppm”, unless otherwise noted. Fur-
ther, in this specification, “weight” is synonymous with
“mass”, “parts by weight” is synonymous with “parts by
mass”, and “wt %" is synonymous with “mass %”. More-
over, “. .. acid (salt)” means “ . . . acid and/or salt thereof”,
and “(meth)acrylic” means “acrylic and/or methacrylic”.

Note, however, that, in this specification, acetic acid can be
a salt type (i.e., acetic acid salt) in the monomer aqueous
solution or in the water-absorbing resin, and the acid type
acetic acid and the salt type acetic acid are collectively
referred to as “acetic acid”, unless otherwise noted.

[2] Method for Manufacturing Polyacrylic Acid
(Salt)-Based Water-Absorbing Resin

The method of the present invention for manufacturing a
polyacrylic acid (salt)-based water-absorbing resin includes
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the steps of: (a) preparing a monomer aqueous solution con-
taining acrylic acid (salt) as a main component; (b) obtaining
a water-containing gel-like cross-linked polymer by carrying
out aqueous solution polymerization or spray drop polymer-
ization with the monomer aqueous solution; (c) drying the
water-containing gel-like cross-linked polymer; and (d) sur-
face-crosslinking water-absorbing resin powder obtained
after the step (c), the steps (a) through (d) being carried out in
this order, an acetic acid concentration in acrylic acid or an
acrylic acid aqueous solution, which is supplied in the step
(a), being in a range of 300 ppm to 10000 ppm (on an acrylic
acid basis), and an acetic acid concentration lowering rate,
which is defined in (1-5) above, being 35% or higher.

The acetic acid concentration lowering rate is 35% or
higher, preferably 40% or higher, more preferably 50% or
higher. Moreover, an upper limit of the acetic acid concentra-
tion lowering rate is preferably 80% or lower, more preferably
70% or lower, still more preferably 60% or lower.

In a case where the acetic acid concentration lowering rate
is lower than 35%, a large amount of acetic acid is to remain
in the water-absorbing resin, and this causes a problem of
odor (acid odor). Meanwahile, in a case where the acetic acid
concentration lowering rate is higher than 80%, acetic acid is
to be excessively removed in manufacturing the water-ab-
sorbing resin, and this may cause decrease in productivity,
increase in cost, and deterioration in physical property.

According to the present invention, methods for decreasing
an acetic acid concentration are broadly classified into (i) a
method in which acetic acid is diluted (i.e., dilution method)
and (ii) a method in which acetic acid is removed (i.e.,
removal method).

(Dilution of Acetic Acid; Dilution Method)

According to the present invention, the term “dilute”
means a relative increase of all components corresponding to
a denominator used in calculating a concentration, as above
described. That is, “dilution of acetic acid (dilution method)”
indicates a method in which a weight of a water-absorbing
resin, which is an end product, is increased by adding a
substance to a raw material acrylic acid or a water-containing
gel-like cross-linked polymer so as to lower an acetic acid
concentration in the water-absorbing resin.

(Removal of Acetic Acid; Removal Method)

According to the present invention, “removal of acetic acid
(removal method)” indicates a method in which acetic acid is
removed outside of a system in manufacturing the water-
absorbing resin. Examples of the removal method encompass
washing, extracting, volatilization by heating, and the like.
Among these, removal from a polymer by heating is prefer-
able. Acetic acid (whose boiling point is 118° C.) is removed
outside of the system by being heated at preferably 100° C. or
higher, more preferably a temperature equal to or higher than
the boiling point.

Further, in the removal from the polymer by heating, vola-
tilization of acetic acid is facilitated by the presence of water.
Therefore, it is possible to efficiently remove acetic acid by
having water, in the heating, presence preferably by an exces-
sive amount relative to acetic acid, more preferably 10 times
or more relative to acetic acid in terms of weight. As the
amount of water increases 100 times or more, 200 times or
more, 500 times or more, in this order, (and an upper limit is
1000 times) in terms of weight relative to acetic acid, acetic
acid can be removed more efficiently. Note that the “polymer”
is a concept which encompasses a water-containing gel-like
cross-linked polymer during and after polymerization, a dried
polymer thereof, a water-absorbing resin which has been
obtained in and subsequent to the drying step, and an end
product.
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(Reduction in Acetic Acid)

According to the present invention, the acetic acid concen-
tration is lowered by the use of the method above described.
The acetic acid concentration is lowered, preferably in and
subsequent to the polymerization step, more preferably in one
or more of the polymerization step, the drying step, the sur-
face crosslinking step, and a remoistening step, still more
preferably in two or more of the steps, particularly preferably
in three or more of the steps, most preferably in all the four
steps. Note that acetic acid removed outside of the system by
the removal method and, if needed, water and acrylic acid are
each preferably partially recycled as a monomer so as to be
reused in the monomer aqueous solution supplied in the poly-
merization step.

(2-1) Puritying Step of Acrylic Acid

The method of the present invention for manufacturing
polyacrylic acid (salt)-based water-absorbing resin includes,
as a preliminary step, purification of acrylic acid (in a case
where purified (ultra-high purity) acrylic acid is purchased,
this preliminary step is carried out in a manufacturer of
acrylic acid).

The purifying step is a step of purifying acrylic acid that
has been obtained by a method (known method) such as
hydrolysis of acrylonitrile or oxidation of propylene or
acrolein, and a method for manufacturing acrylic acid and a
raw material used in the manufacturing method are not lim-
ited to particular ones. According to the present invention, the
method for purifying acrylic acid is exemplified by various
kinds of distillation methods and crystallization methods, and
the purifications are preferably carried out once or a plurality
of times.

By these purification methods, at least one of impurities
described below is completely removed or is reduced, and this
makes it possible to inhibit, for example, defective polymer-
ization in manufacturing the water-absorbing resin, coloring
to the water-absorbing resin, and influence on a human body.

Note that general purification is carried out for the purpose
of'lowering a concentration of impurity as much as possible.
However, such general purification sometimes causes
decrease in productivity, increase in cost, and reduction in
yield, because a purification device becomes huge and a large
amount of energy is required for purification, e.g., for heating
in distillation or cooling in crystallization.

The use of ultra-high purity acrylic acid may restrict pro-
curement of a raw material or production, in manufacture of
the water-absorbing resin.

Under the circumstances, in the purification of acrylic acid
carried out for the present invention, it is preferable that acetic
acid or propionic acid, which influences relatively less on the
polymerization, the coloring, and the human body, is caused
to remain in acrylic acid and the other impurities are prefer-
entially reduced.

The impurities in acrylic acid vary depending on manufac-
turing methods and raw materials, and can be, for example,
aldehydes such as benzaldehyde, acrolein, and furfural.
Among these, it is preferable to reduce acrolein from the
viewpoint of safety. Acrolein can be reduced by carrying out
aplurality of times of purification, and it is more preferable to
reduce acrolein by adding a reducing agent such as hydrazine
or a hydrazine derivative. Note that contents disclosed in
International Publication No. 2003/014172 can be applied to
the present invention.

Impurities (e.g., acrylic acid dimer, oligomer, hydro-
quinone, furfural, and protoanemonin) whose boiling points
are higher than that of acrylic acid can be removed by general
distillation or crystallization, and it is preferable to remove
such impurities by simple distillation.
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Note that acrylic acid used in the present invention can be
(1) obtained from an acrylic acid manufacturing plant which is
adjacent to a manufacturing plant of water-absorbing resin,
(i1) transported from another acrylic acid manufacturing
plant, or (iii) purchased from another manufacturer. The
transportation of acrylic acid can be carried out by the use of,
for example, a tank truck, a tanker, or a pipeline, and any of
these transportation methods is appropriately employed.

According to the present invention, it is possible to employ
any of (1) acrylic acid derived from a fossil material such as
propylene or propane, (ii) acrylic acid derived from a nonfos-
sil material (biomass) such as lactic acid, 2-hydroxypropionic
acid, or glycerin, and (iii) a mixture thereof.

The above listed lactic acid and 2-hydroxypropionic acid
can be obtained with any of various methods for fermenting
natural products, and acrylic acid can be obtained through
dehydration reaction of lactic acid or 2-hydroxypropionic
acid. The above listed glycerin can be obtained by saponify-
ing or esterifying vegetable fat and oil (e.g., by-product glyc-
erin from biodiesel), and acrylic acid can be obtained from
acrolein that has been obtained through dehydration reaction
of glycerin.

Such acrylic acid, which has been derived from the non-
fossil material (i.e., biomass), is preferable from the view-
point of sustainability of a raw material. However, it is nec-
essary to carry out processes such as fermentation and
dehydration in which a large amount of acetic acid is some-
times contained. That is, acrylic acid, which has been derived
from the nonfossil material (i.e., biomass), had a problem in
removal of acetic acid for purifying acrylic acid, as compared
with vapor-phase oxidation of conventional acrylic acid
which has been derived from the fossil material such as pro-
pylene or propane.

However, it is possible in the present invention to obtain the
water-absorbing resin by using any of acrylic acids having a
wide range of acetic acid contents. Therefore, it is possible to
suitably employ not only acrylic acid derived from the fossil
material but also acrylic acid derived from the nonfossil mate-
rial (i.e., biomass).

That is, according to the present invention, it is possible to
obtain the water-absorbing resin, in which an acetic acid
concentration is sufficiently lowered (e.g., an acetic acid con-
centration in a range of 100 ppm to 7000 ppm), even by using
any of acrylic acids having a wide range of acetic acid con-
tents, i.e., by using acrylic acid in which the acetic acid
concentration is relatively high (e.g., acrylic acid or an acrylic
acid aqueous solution having an acetic acid concentration in
arange of preferably 300 ppm to 10000 ppm, more preferably
1500 ppm to 10000 ppm). It is therefore possible to suitably
employ acrylic acid derived from the nonfossil material (i.e.,
biomass).

This makes it possible to shorten, reduce, or simplify the
process of removing acetic acid in manufacturing acrylic
acid.

Note that methods for manufacturing acrylic acid derived
from the nonfossil material (i.e., biomass) are disclosed in,
for example, International Publication No. 2006/08024,
International Publication No. 2007/119528, International
Publication No. 2007/132926, and US Patent Application
Publication No. 2007/0129570.

Moreover, methods for manufacturing water-absorbing
resin from acrylic acid derived from biomass are disclosed in,
for example, International Publication No. 2006/092271,
International Publication No. 2006/092272, International
Publication No. 2006/136336, International Publication No.
2008/023039, International Publication No. 2008/023040,
and International Publication No. 2007/109128.
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(Acetic Acid)

Acrylic acid obtained through purification of the present
invention contains acetic acid by 300 ppm to 10000 ppm.
From the viewpoint of efficiency in purification, a lower limit
of'the acetic acid content is preferably 400 ppm or more, more
preferably 500 ppm or more, 800 ppm or more, 1000 ppm or
more, 1300 ppm or more, 1500 ppm or more, in this order, and
particularly preferably 2000 ppm or more. Meanwhile, an
upper limit of the acetic acid concentration in acrylic acid is
preferably 7000 ppm or lower, more preferably 5000 ppm or
lower, still more preferably 3000 ppm or lower, from the
viewpoint of odor, soluble components, water-absorbing
property of the water-absorbing resin, and the like.

As such, the acetic acid concentration in acrylic acid can be
selected as appropriate within the above described range, and
is preferably in a range of 300 ppm to 7000 ppm, more
preferably 300 ppm to 5000 ppm, 400 ppm to 5000 ppm, S00
ppm to 5000 ppm, 800 ppm to 3000 ppm, 1000 ppm to 3000
ppm, 1300 ppm to 3000 ppm, 1500 ppm to 3000 ppm, in this
order, and particularly preferably 2000 ppm to 3000 ppm.

Note that, in a case where the acetic acid content (i.e.,
acetic acid concentration) in acrylic acid is lower than 300
ppm, the improved method of purifying acrylic acid cannot be
employed and therefore excessive purification is to be carried
out inefficiently. On the other hand, in a case where the acetic
acid content (i.e., acetic acid concentration) is more than
10000 ppm, soluble components in a resultant water-absorb-
ing resin are increased.

(Other Saturated Carboxylic Acid)

Acrylic acid obtained by the purification of the present
invention can contain, for example, formic acid and/or pro-
pionic acid as saturated carboxylic acid in addition to acetic
acid.

In a case where formic acid is contained in acrylic acid by
2 ppm to 700 ppm (1 ppm to 700 ppm in a monomer), it is
possible to prevent a resultant water-absorbing resin from
being colored. On the other hand, it is known that soluble
components in the water-absorbing resin are increased if the
formic acid content is more than 700 ppm. In general, the
formic acid content is adjusted to the above described content
by adding formic acid. In such a case, it is possible to apply,
to the present invention, a technique disclosed in International
Publication No. 2011/040575 (i.e., Patent Literature 21).

From the viewpoint of reduction of odor, a propionic acid
content in acrylic acid is preferably 500 ppm or lower, more
preferably 400 ppm or lower, still more preferably 300 ppm or
lower (and lower limit is O ppm). A boiling point of propionic
acid is near to the boiling point of acrylic acid, and it is
therefore possible to remove propionic acid more efficiently
with a crystallization method.

Note that the acetic acid concentration and the propionic
acid concentration can be selected separately and arbitrarily.
However, it is preferable that the acetic acid concentration is
higher than the propionic acid concentration by 3 times or
more, more preferably 5 times or more (and upper limit is
approximately 20 times). Still more preferably, the acetic acid
concentration is in a range of 1300 ppm to 10000 ppm and the
propionic acid concentration is 400 ppm or lower.

According to the present invention, only acetic acid
accounts for a large portion of impurities in acrylic acid after
purification, and it is therefore possible to bring about the
advantageous effect of the present invention.

(Methoxyphenols)

In the purification of acrylic acid of the present invention,
methoxyphenols are used as a polymerization inhibitor for
acrylic acid. Specifically, the methoxyphenols can be, for
example, o-methoxyphenol, m-methoxyphenol, p-methox-
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yphenol, or a methoxyphenol that has at least one of substitu-
ent groups such as a methyl group, a t-butyl group, and a
hydroxyl group. Among these, p-methoxyphenol is prefer-
ably employed.

The methoxyphenols content in acrylic acid is preferably
in a range of 1 ppm to 200 ppm, more preferably 10 ppm to
160 ppm, still more preferably 50 ppm to 100 ppm, particu-
larly preferably 50 ppm to 80 ppm.

(Other Components)

In general, various impurities are contained in acrylic acid.
Acrylic acid can contain trace components below, in addition
to the above described acetic acid and propionic acid, satu-
rated organic acid such as formic acid, and methoxyphenols
(in the description below, a weight of the trace components is
on the basis identical with that of acetic acid contained in
acrylic acid).

Concrete examples of the trace component encompass, as
protoanemonin (PAN) and aldehyde contents, aliphatic alde-
hydes such as formaldehyde, acrolein, acetaldehyde, and pro-
pionaldehyde. Moreover, concrete examples of the trace
component encompass, as unsaturated or aromatic carboxylic
acid and an anhydride thereof, benzoic acid, maleic acid,
maleic anhydride, phthalic anhydride, and the like. Further,
examples of the trace component encompass allyl acrylate,
allyl alcohol, and the like.

Moreover, as a polymerization inhibitor for acrylic acid,
hydroquinone, phenothiazine, and other polymerization
inhibitors may be contained in addition to or other than the
above described methoxyphenols. Moreover, an organic sol-
vent, which is used in collection and azeotropic distillation in
manufacturing acrylic acid, can remain in acrylic acid. In
addition to the above exemplified components, water, an
acrylic acid dimer, and an acrylic acid oligomer made up of
three or more monomers can be contained as impurities.

As a content of the above described other components in
acrylic acid or in an acrylic acid aqueous solution, the acrylic
acid dimer is contained by preferably 1000 ppm or less, more
preferably 500 ppm or less, still more preferably 200 ppm or
less, particularly preferably 100 ppm or less, each of pro-
toanemonin (PAN) and an aldehyde component is contained
by preferably 5 ppm or less, more preferably 1 ppm or less or
detection limit or less (i.e., N.D). Allyl acrylate and allyl
alcohol are contained by preferably 20 ppm or less, more
preferably 10 ppm or less, still more preferably 5 ppm or less,
particularly preferably 1 ppm or less or detection limit or less
(i.e., N.D). The methoxyphenols content have already been
described above.

According to the present invention, acrylic acid in which
the acetic acid content is in a range of 300 ppm to 10000 ppm
is used and an amount of the other components (i.e., the
polymerization inhibitor and impurities) is controlled to the
above described range. This makes it possible to obtain the
water-absorbing resin which is excellent in terms of odor and
physical property.

That is, according to the present invention, it is possible to
manufacture the water-absorbing resin that has a higher
physical property at low cost, by (i) removing or reducing
acetic acid in manufacturing the water-absorbing resin and
(ii) controlling an amount of the other impurities (which have
a boiling point higher than that of acrylic acid) to the above
described range, while reducing a load of removing acetic
acid in reaction or purification of acrylic acid.

(2-2) Preparation of Monomer

This is a step of preparing an aqueous solution (monomer
aqueous solution) that mainly contains acrylic acid (salt).
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(Acrylic Acid)

Acrylic acid which is to be supplied in this step can be (i) a
single acrylic acid that has been obtained by the above
described purifying step or (i) a mixture of the above
obtained acrylic acid and another acrylic acid. Alternatively,
these acrylic acids can be supplied in this step in a form of
aqueous solution.

In order to simplify the purification of acrylic acid, a used
amount of acrylic acid obtained by the purifying step is pref-
erably 50 wt % or higher, more preferably 80 wt % or higher,
still more preferably substantially 100 wt %, relative to a total
amount of acrylic acid. Note that, in a case where, for
example, an acetic acid content in acrylic acid obtained by the
puritying step is high or the acetic acid content changes
greatly, the acetic acid content can be diluted or stabilized to
the range of 300 ppm to 10000 ppm (i.e., stabilization of
acetic acid amount) by being mixed with a predetermined
amount of acrylic acid whose acetic acid content is low.

In a case where a large amount of acrylic acid is evaporated
in the polymerization step (later described), the evaporated
acrylic acid can be (i) recycled as an acrylic acid aqueous
solution by being condensed with steam generated in the
polymerization step or (ii) recycled as an acrylic acid salt
aqueous solution by, for example, being collected with a basic
aqueous solution, in order to reduce loss. That is, it is prefer-
able to collect acrylic acid prior to the polymerization step,
particularly in the monomer preparing step.

(Monomer Used in Combination)

According to the present invention, other monomer can be
used in combination with acrylic acid (salt). Examples of
such a monomer encompass a water-soluble or hydrophobic
unsaturated monomer. More specifically, examples of such a
monomer encompass methacrylic acid, maleic acid (anhy-
dride), fumaric acid, crotonic acid, itaconic acid, vinyl sul-
fonic acid, 2-(meth)acrylamide-2-methylpropane sulfonic
acid, (meth)acryloxyalkane sulfonic acid and alkali metal salt
thereof, N-vinyl-2-pyrrolidone, N-vinylacetamide, (meth)
acrylamide, N-isopropyl(meth)acrylamide, N,N-dimethyl
(meth)acrylamide, 2-hydroxyethyl(meth)acrylate, methoxy-
polyethyleneglycol(meth)acrylate, polyethyleneglycol
(meth)acrylate, isobutylene, lauryl(meth)acrylate, and the
like.

The water-absorbing resin of the present invention encom-
passes a water-absorbing resin that contains, as a copolymer-
ization component(s), the water-soluble or hydrophobic
unsaturated monomers. Moreover, by using in combination
with a monomer whose acetic acid content is low, acetic acid
in the water-absorbing resin is diluted.

In a case where another monomer is used in combination,
a used amount of such a monomer is in a range of preferably
0 mol % to 50 mol %, more preferably 0 mol % to 30 mol %,
still more preferably 0 mol % to 10 mol %, relative to acrylic
acid (salt) that is used as the main component. In a case where
this proportion of such a monomer is used, a water-absorbing
property of the water-absorbing resin, which is obtained as a
product, is further improved, and the water-absorbing resin
can be manufactured at lower cost.

(Basic Composition)

The water-absorbing resin obtained in the present inven-
tion is polyacrylic acid (salt) obtained by crosslinking and
polymerizing acrylic acid (salt). In order to obtain the poly-
acrylic acid (salt), it is preferable to neutralize acrylic acid
with a basic composition (i.e., neutralizing step).

Note that, in the present invention, the term “basic compo-
sition” indicates a composition that contains a basic com-
pound. Furthermore, according to the present invention, it is
preferable that the basic composition contains, in addition to
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the basic compound, an iron (described below), in other
words, a compound containing iron.

The basic compound can be, for example, any of alkali
metal (hydrogen) carbonate, alkali metal hydroxide, ammo-
nia, and organic amine. In order to obtain a water-absorbing
resin that has a higher physical property, the basic compound
is preferably strong alkaline substance, that is, alkali metal
hydroxide such as sodium hydroxide, potassium hydroxide,
or lithium hydroxide, particularly preferably sodium hydrox-
ide.

Note that sodium hydroxide generally contains 0wt %to 5
wt % of sodium carbonate and/or sodium chloride. The
present invention preferably employs sodium hydroxide
which contains any of these substances.

A contained amount of the iron (which is converted into
Fe,O,) is preferably in a range 0of 0.01 ppm to 5.0 ppm, more
preferably 0.1 ppm to 2.0 ppm, still more preferably 0.5 ppm
to 1.0 ppm, relative to a concentration of a solid content in the
basic composition (e.g., based on an amount of sodium
hydroxide excluding water in a sodium hydroxide aqueous
solution).

Note that an amount of Fe contained in the basic com-
pound, the monomer aqueous solution, or the water-absorb-
ing resin can be quantitatively determined, as Fe, with the use
of, for example, ICP (inductively coupled plasma) emission
spectrochemical analysis. In the ICP analysis, all components
(encompassing salt of Fe and any oxidation state) are quan-
titatively determined as Fe. In the present invention, a total Fe
content is defined by converting the amount of Fe into a
weight of Fe,O; (i.e., all the Fe components are assumed to be
Fe,0;).

Examples of the iron (i.e., a compound containing iron)
encompass (1) a basic compound for neutralization and other
raw material and (ii) an iron which has been eluted from a
metal surface (e.g., a stainless steel surface) of a device.

(Neutralizing Step)

The neutralizing step carried out in the present invention
encompasses neutralization of acrylic acid that is a monomer
and neutralization (i.e., post-neutralization) of a water-con-
taining gel-like cross-linked polymer which has been
obtained by crosslinking and polymerizing acrylic acid. Any
of the neutralizations can be carried out with a continuous
method or a batch method. In this case, the continuous
method is preferable. With regard to preferable neutralization
conditions such as a device, a basic composition, a tempera-
ture, and a holding time, contents disclosed in International
Publication No. 2009/123197 and US Patent Application
Publication No. 2008/0194863 can be preferably applied to
the present invention.

Note that a neutralization rate in the present invention is
preferably 10 mol % or higher and lower than 90 mol %, more
preferably 40 mol % or higher and lower than 80 mol %, still
more preferably 50 mol % or higher and lower than 74 mol %,
particularly preferably 50 mol % or higher and lower than 72
mol %, relative to all acid groups which have been neutralized
or have not been neutralized.

In a case where the neutralization rate is lower than 10 mol
%, The water absorption capacity without load (CRC) may be
significantly decreased. Onthe other hand, in a case where the
neutralization rate is 90 mol % or higher, a water-absorbing
resin that has high water absorption capacity under load
(AAP) may not be obtained, and therefore this is not prefer-
able. The same applies to the neutralization rate of a case
where neutralization is carried out after polymerization.

According to the present invention, acrylic acid salt is any
of'the above described salts, preferably sodium salt. Alterna-
tively, it is possible to use in combination with a small amount
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(e.g., in a range of 0 mol % to 40 mol %, preferably 0 mol %
to 5 mol % relative to a total of neutralized salts) of another
monovalent salt. Alternatively, neutralization can be carried
out with the use of an extremely small amount (e.g., approxi-
mately 0 mol % to 5 mol %) of polyvalent metal salt. That is,
in the water-absorbing resin of the present invention and the
method for manufacturing the water-absorbing resin, poly-
acrylic acid salt whose neutralization rate falls within the
above described range is employed, and particularly prefer-
ably, polyacrylic acid sodium salt is employed.

(Internal Crosslinking Agent)

Examples of an internal crosslinking agent used in the
present invention encompass N,N'-methylenebisacrylamide,
(poly)ethyleneglycol di(meth)acrylate, (poly)propylenegly-
col di(meth)acrylate, (polyoxiethylene)trimethylolpropan-
etri(meth)acrylate, (polyoxiethylene)glyceroltri(meth)acry-
late, trimethylolpropanedi(meth)acrylate,
polyethyleneglycol di(f-acryloyloxipropionate), trimethy-
lolpropane tri(f-acryloyloxipropionate), poly(meth)ally-
loxyalkane, polyethyleneglycol diglycidyl ether, ethyleneg-
lycol, propyleneglycol, glycerin, butandiol, erythritol,
xylitol, sorbitol, polyethyleneglycol, and the like.

One or more of these are used in the present invention. In
consideration of a physical property, such as a water absor-
bent property, of a resultant water-absorbing resin, it is pref-
erable to carry out polymerization with the use of (i) a com-
pound that has two or more of polymerizable unsaturated
groups, (ii) a compound that is thermally decomposed at
approximately a later described drying temperature. The
compound that has two or more of polymerizable unsaturated
groups is, particularly, a crosslinking agent that has two or
more polymerizable unsaturated groups (preferably, an allyl
group, a (meth)acrylate group, particularly acrylate group)
each of which has a (poly)alkylene glycol structural unit. The
crosslinking agent is, for example, (poly)alkylene glycoldi
(meth)acrylate or (poly)alkylene glycoltri(meth)acrylate. An
alkylene glycol unit is, for example, polyethyleneglycol
whose n-number is 1 to 100, preferably 6 to 50.

A used amount of the internal crosslinking agent is in a
range of preferably 0.005 mol % to 2 mol %, more preferably
0.01 mol % to 1 mol %, still more preferably 0.05 mol %10 0.5
mol %, relative to a monomer. In a case where the used
amount of the internal crosslinking agent falls within the
above range, it is possible to obtain an intended water absor-
bent property.

Note that, as an alternative to the method in which
crosslinking is carried out by adding an internal crosslinking
agent to monomers before polymerization, the present inven-
tion can employ, for example, any of (i) a method in which an
internal crosslinking agent is added to a water-containing
gel-like cross-linked polymer during or after polymerization
$0 as to carry out post-crosslinking, (ii) a method in which a
radical polymerization initiator is used to carry out radical
crosslinking, and (iii) a method in which an electron ray, etc.,
is used to carry out radiation crosslinking. It is more prefer-
able to employ a method in which a predetermined amount of
internal crosslinking agent is added to the monomers, and
then polymerization is carried out so that crosslinking reac-
tion and the polymerization are carried out simultaneously.

(Other Substance Added to Monomer)

According to the present invention, it is possible to add the
following substances in addition to the above described sub-
stances in preparing a monomer aqueous solution. Specifi-
cally, in order to improve physical properties of the water-
absorbing resin, a water-soluble resin or a water-absorbing
resin can be added by preferably 0 wt % to 50 wt %, more
preferably 0wt % to 20 wt %, and/or various kinds of foaming
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agents (such as carbonate, azo compound, and gas bubbles), a
surfactant, a chelating agent, a chain transfer agent, and the
like can be added by preferably O wt % to 5 wt %, more
preferably 0 wt % to 1 wt %.

Note that, by using the water-soluble resin or the water-
absorbing resin, a graft polymer or a water-absorbing resin
composition (e.g., a starch-acrylic acid polymer or a PVA-
acrylic acid polymer) is generated. In the present invention,
these polymers and the water-absorbing resin composition
are collectively referred to as “polyacrylic acid (salt)-based
water-absorbing resin”.

(Water)

In a monomer preparing step, a monomer aqueous solution
is prepared by mixing the above described substances. In this
case, a concentration of a monomer component in the mono-
mer aqueous solution is not limited to a particular one. Note,
however, that the concentration is in a range of preferably 10
wt % to 70 wt %, more preferably 15 wt % to 65 wt %, still
more preferably 30 wt % to 55 wt %, from the viewpoint of
physical property of the water-absorbing resin. Note that the
concentration is determined as appropriate in accordance
with a temperature of the aqueous solution and a composition
of'the monomer. It is preferable that the concentration falling
within the above range is not higher than a saturating concen-
tration. Alternatively, it is possible to carry out polymeriza-
tion with a monomer slurry (e.g., a state in which solid
sodium acrylate is partially dispersed in a monomer aqueous
solution) whose monomer concentration is higher than a con-
centration of a saturated aqueous solution of a monomer (e.g.,
acrylic acid salt).

In a case where polymerization is carried out with an aque-
ous solution, a solvent, which is not water, can be used in
combination with water as appropriate. In such a case, a type
of the solvent used is not limited to a particular one. A used
amount of the solvent, which is not water, is in a range of
preferably O wt % to 10 wt %, more preferably O wt % to 5 wt
%, relative to the water.

Note that the “concentration of monomer component” is
obtained based on the following formula: i.e., (weight of
monomer component)/(weight of monomer aqueous solu-
tion)x100 (wt %). The monomer aqueous solution does not
include the graft component and the water-absorbing resin.

(2-3) Polymerization Step

In this step, a water-containing gel-like cross-linked poly-
mer (hereinafter, also referred to as “hydrogel”) is obtained
by polymerizing an acrylic acid (salt)-based monomer aque-
ous solution obtained in the monomer preparing step.

(Removal of Acetic Acid)

The present invention can employ a known polymerization
method such as aqueous solution polymerization, spray drop
polymerization, or slurry polymerization.

Among these, the aqueous solution polymerization is most
preferable. In the aqueous solution polymerization, it is easy
to control a polymerization temperature and a polymerization
time, and it is possible to secure time required to evaporate
acetic acid. This makes it possible to most efficiently remove
acetic acid in the polymerization step. Further, the aqueous
solution polymerization can be carried out with a continuous
method or a batch method. Any of the following polymeriza-
tions (i.e., first method and second method) is preferably
carried out, and at least part of acetic acid is removed in the
polymerization step.

An acetic acid removing rate (which is defined by Formula
2 above) in the polymerization step is preferably 5% or
higher, more preferably 10% or higher, still more preferably
15% or higher, particularly preferably 20% or higher. An
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upper limit is not limited to a particular one, and is preferably
70% or lower, more preferably 50% or lower, from the view-
point of productivity.

Note that, if reverse phase suspension polymerization is
employed in which polymerization is carried out by dispers-
ing a monomer aqueous solution in a hydrophobic organic
solvent, relatively strong hydrophobic solvent odor may
remain in addition to acid odor in a resultant polyacrylic acid
(salt)-based water-absorbing resin. Therefore, the reverse
phase suspension polymerization is not encompassed in the
polymerizations that can be employed in the present inven-
tion. Moreover, in the reverse phase suspension polymeriza-
tion, a dispersing agent and a surfactant are required in the
polymerization, and consequently surface tension of an
absorbed liquid (e.g., urine), which makes contact with the
resultant water-absorbing resin, may be excessively
decreased and therefore a re-wet from the absorbent body
may be increased.

(First Method)

According to the present invention, acetic acid is removed
with a first method in the polymerization step. The first
method is foaming polymerization or grain refining polymer-
ization in which a concentration of solid content of a mono-
mer aqueous solution, which is in a range of 30 wt % to 55 wt
%, is increased (i.e., a degree of increase in solid content
defined by Formula 4 below) in the polymerization by pref-
erably 1 wt % to 15 wt %, more preferably 2 wt % to 14 wt %,
still more preferably 3 wt % to 13 wt %, particularly prefer-
ably 4 wt % to 12 wt %, most preferably 5 wt % to 11 wt %.

By the polymerization, at least part of acetic acid contained
in the monomer aqueous solution is removed together with
water. By controlling the degree of increase in solid content to
fall within the above described range, the physical property of
the water-absorbing resin is improved and an amount of
residual acetic acid is decreased.

Note that the degree of increase in solid content is obtained
by the following Formula 4.

[Math. 5]

(Degree of increase in solid content) (wt %)=(concen-
tration of solid content in hydrogel after poly-
merization)—(concentration of solid content in

monomer aqueous solution) Formula 4

In Formula 4, “concentration of solid content in monomer
aqueous solution” indicates a ratio (wt %) of a total amount of
monomers, a crosslinking agent, a graft component, a water-
absorbing resin, and the other solid substances (e.g., water-
insoluble fine particles) relative to an amount of all the com-
ponents in the polymerization system including the monomer
aqueous solution, the graft component, the water-absorbing
resin, and the other solid substances (e.g., water-insoluble
fine particles).

In this case, the foaming polymerization or the grain refin-
ing polymerization is preferable as the polymerization
method in which the solid content is increased. In the foaming
polymerization, as above described, polymerization is carried
out on a monomer aqueous solution to which a foaming agent
(e.g., carbonate, azo compound, and gas bubbles) has been
added. Alternatively, the foaming polymerization can be car-
ried out by generating gas bubbles by boiling a monomer
aqueous solution in polymerization, in particular, by boiling a
monomer aqueous solution immediately after starting poly-
merization (preferably within 5 minutes, more preferably
within 3 minutes). In the grain refining polymerization, poly-
merization and gel-crushing are carried out simultaneously as
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with kneader polymerization so that a hydrogel is obtained
whose particle diameter is preferably 3 mm or smaller, more
preferably 1 mm or smaller.

More preferably, the grain refining polymerization is con-
tinuous kneader polymerization which is carried out under
airflow, and a hydrogel is finely grained to an intended range,
preferably to a range described in (2-4) below by controlling
arotation speed and rotation time of a kneader and an amount
of internal crosslinking agent, etc. in the polymerization. By
employing any of the polymerization methods (i.e., foaming
polymerization and grain refining polymerization), a specific
surface area (cm*/g) of the hydrogel is increased, and it is
therefore possible to more efficiently remove acetic acid (by
volatilization) in or subsequent to the polymerization step.

When the solid content increases, acrylic acid (whose boil-
ing point is 142° C.) may also be evaporated together with
water and acetic acid. In such a case, in order to reduce loss of
acrylic acid, it is preferable to recycle the evaporated compo-
nents as an acrylic acid (salt) aqueous solution by condensing
or collecting the evaporated components in a step before the
polymerization step.

Note that an acetic acid concentration in acrylic acid or the
acrylic acid aqueous solution may be increased by the collec-
tion, and it is therefore preferable to collect evaporated com-
ponents which include at least 1 wt % of acrylic acid.

(Second Method)

According to the present invention, acetic acid is removed
with a second method in the polymerization step. In the
second method, a monomer aqueous solution whose concen-
tration of solid content is lower than 30 wt % is polymerized,
in other words, unneutralized or partially neutralized acrylic
acid, whose neutralization rate is 30 mol % or lower, is poly-
merized. By the polymerization, at least part of acetic acid
contained in the monomer aqueous solution is removed. The
second method preferably further includes post-neutraliza-
tion in which a hydrogel is neutralized in and/or subsequent to
the polymerization step.

Note that in a case where acrylic acid salt, which has been
neutralized, is polymerized, acetic acid in acrylic acid is also
neutralized to be acetic acid salt (e.g., sodium acetate). In this
case, sodium acetate is not volatilized because a boiling point
of'acetic acid is 118° C. while sodium acetate is decomposed
at324° C.

Under the circumstances, it is preferable to remove acetic
acid in the polymerization step with the use of acrylic acid
which is hardly neutralized or is not neutralized. This makes
it possible to easily volatilize acetic acid in the polymeriza-
tion.

(Polymerization Temperature and Airflow)

Inacase where a polymerization method other than the first
method and the second method is employed, acetic acid is
volatilized in polymerization at a polymerization temperature
(i.e., highest achieving temperature) of preferably 95° C. or
higher, more preferably 100° C. or higher, still more prefer-
ably 105° C. or higher. Moreover, from the viewpoint of a
physical property of a resultant water-absorbing resin, an
upper limit of the polymerization temperature is preferably
140° C. or lower, more preferably 130° C. or lower. From the
viewpoint of removal of acetic acid, it is preferable that the
polymerization temperature (highest achieving temperature)
is achieved as quickly as possible, and concretely, preferably
20 minutes or shorter, more preferably 5 minutes or shorter,
still more preferably 3 minutes or shorter.

It is preferable that polymerization is carried out in the
presence of an upper part space (i.e., gas), more preferably
under airflow, still more preferably under reduced pressure.
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The airflow or the reduced pressure is preferable because it
becomes easier to remove acetic acid.

(Polymerization Initiator)

A polymerization initiator used in the present invention is
selected as appropriate in accordance with a polymerization
method or the like and is not limited to a particular one.
Examples of the polymerization initiator encompass a pyro-
Iytic polymerization initiator, a photolytic polymerization
initiator, a redox polymerization initiator that contains a
reducing agent for facilitating decomposition of any of those
polymerization initiators, and the like.

Specifically, examples of the polymerization initiator
encompass persulfate such as potassium persulfate, ammo-
nium persulfate, and sodium persulfate; hydroperoxide such
as t-butylhydroperoxide and hydrogen peroxide; an azo com-
pound such as 2,2'-azobis(2-amidinopropane)dihydrochlo-
ride; 2-hydroxy-1-phenylpropane-1-one, benzoin methyl-
ether, and the like.

Examples of the reducing agent encompass (bi)sulfite
(salt) such as sodium sulfite and sodium hydrogen sulfite;
reducing metal (salt) such as L-ascorbic acid (salt) and fer-
rous salt; amines; and the like.

A used amount of the polymerization initiator is in a range
ofpreferably 0.001 mol % to 1 mol %, more preferably 0.001
mol % to 0.5 mol %, relative to monomers. A used amount of
the reducing agent is preferably in a range 0f 0.0001 mol % to
0.02 mol %, relative to monomers.

Alternatively, polymerization reaction can be carried out
by irradiation of active energy ray such as radial ray, electron
ray, or ultraviolet ray instead of using the polymerization
initiator. Alternatively, the active energy ray and the polymer-
ization initiator can be used in combination. Further, it is
preferable to add a chelating agent (later described) to a
monomer aqueous solution before or during polymerization,
and to polymerize the monomer aqueous solution, because
the advantageous effects of the present invention can be fur-
ther brought about.

(Polymerization Method)

The polymerization method employed in the present inven-
tion is not limited to a particular one. From the viewpoint of
water absorbent property, easiness in controlling polymeriza-
tion, and the like, the polymerization method is preferably
spray drop polymerization in which a monomer aqueous
solution is dispersed in a gaseous phase or aqueous solution
polymerization in which a monomer aqueous solution is
directly polymerized, more preferably the aqueous solution
polymerization. Among various aqueous solution polymer-
izations, continuous aqueous solution polymerization is par-
ticularly preferable, which may be any of continuous belt
polymerization and continuous kneader polymerization.
Note that polymerization, which is carried out while a mono-
mer is dispersed at a concentration higher than a saturating
concentration of a monomer aqueous solution, may be called
slurry polymerization. Such slurry (aqueous dispersion)
polymerization is encompassed in the aqueous solution poly-
merization of the present invention.

Concrete examples of continuous belt polymerization are
disclosedin U.S. Pat. No. 4,893,999, U.S. Pat. No. 6,241,928,
US Patent Application Publication No. 2005/215734, and the
like, and concrete examples of continuous kneader polymer-
ization are disclosed in U.S. Pat. No. 6,987,151, U.S. Pat. No.
6,710,141, and the like. By employing any of these continu-
ous aqueous solution polymerizations, efficiency in manufac-
turing the water-absorbing resin is improved.

Examples of the continuous aqueous solution polymeriza-
tion, in particular, preferable examples of the foaming poly-
merization encompass high-temperature initiating polymer-
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ization and high concentration polymerization. The “high-
temperature initiating polymerization” is a polymerization
method in which polymerization is started when a tempera-
ture of the monomer aqueous solution is preferably 30° C. or
higher, more preferably 35° C. or higher, still more preferably
40° C. or higher, particularly preferably 50° C. or higher (and
an upper limit is a boiling point). The “high concentration
polymerization” is a polymerization method in which poly-
merization is carried out with a monomer concentration of
preferably 30 wt % or higher, more preferably 35 wt % or
higher, still more preferably 40 wt % or higher, particularly
preferably 45 wt % or higher (and an upper limit is a saturat-
ing concentration). These polymerization methods can be
used in combination. Further, the polymerization is prefer-
ably carried out at the above described polymerization tem-
perature (highest achieving temperature).

These polymerization methods can be carried out in an air
atmosphere. From the viewpoint of color tone, the polymer-
ization methods are preferably carried out in an atmosphere
of inert gas such as nitrogen or argon. In this case, for
example, it is preferable to control an oxygen concentration to
1 volume % or lower.

It is possible to employ foaming polymerization which is
carried out by dispersing gas bubbles (such as of the inert gas;
particularly preferably gas bubbles having a diameter of 1 nm
to 1 mm) in a monomer aqueous solution. Note that it is
preferable that dissolved oxygen in the monomer or the
monomer aqueous solution is sufficiently substituted by inert
gas (so that the dissolved oxygen exists by, for example, less
than 1 (mg/1)).

(2-4) Gel-Crushing Step

In this step, the hydrogel obtained in the polymerization
step 1s gel-crushed with the use of, for example, a gel-crusher
such as a kneader, a meat chopper, or a cutter mill so that
particles of hydrogel (hereinafter, referred to as “particulate
hydrogel”) are obtained. Note that, in a case where the poly-
merization step is carried out by the kneader polymerization,
the polymerization step and the gel-crushing step are simul-
taneously carried out.

Note that, in this specification, the “particulate hydrogel” is
also encompassed in the “water-containing gel-like cross-
linked polymer”.

The gel-crushing step of the present invention is not limited
to a particular one, and a gel-crushing method disclosed in
International Publication No. 2011/126079 can be preferably
employed. According to the gel-crushing method, a hydrogel
containing 10 wt % to 80 wt % of a resin solid content is
gel-crushed with gel grinding energy (GGE) of 18 to 60 (I/g)
or gel grinding energy (2) (GGE(2)) of 9 to 40 (I/g).

Note that, from the viewpoint of easiness in removal of
acetic acid, water absorbent property, and color tone, a tem-
perature at which the hydrogel is gel-crushed (i.e., from when
polymerization ends to when drying starts) is controlled (i.e.,
kept or raised) to be in a range of preferably 40° C. t0 95° C.,
more preferably 50° C. to 80° C., still more preferably 60° C.
to 70° C.

In the gel-crushing step, from the viewpoint of easiness in
removal of acetic acid, water absorbent property, and color
tone, it is possible to add water, polyhydric alcohol, a mixed
solution of water and polyhydric alcohol, an aqueous solution
of polyvalent metal (salt), vapor thereof, or the like. Further,
fine powder of water-absorbing resin, various additives, and
the like can be added and kneaded.

The resin solid content in the particulate hydrogel obtained
by the gel-crushing step is in a range of preferably 10 wt % to
70 wt %, more preferably 15 wt % to 65 wt %, still more
preferably 30 wt % to 55 wt %, from the viewpoint of physical
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property. Moreover, a weight average particle diameter (D50)
of the particulate hydrogel is preferably 350 pm to 2000 pm,
more preferably 400 pm to 1500 um, still more preferably S00
um to 1000 pm. Moreover, a logarithmic standard deviation
(o¥) of particle size distribution of the particulate hydrogel is
preferably 0.2 to 1.5, more preferably 0.2 to 1.2, still more
preferably 0.2 to 1.0.

In a case where the weight average particle diameter (D50)
is larger than 2000 pm, shearing force or compressive force
exerted on the particulate hydrogel may be uneven and/or
insufficient.

Moreover, it becomes difficult to remove acetic acid in the
drying step due to decrease in specific surface area. Further,
the physical property of the particulate hydrogel becomes
uneven because particles, which have different physical prop-
erties, are generated in the pulverization step due to uneven-
ness in drying (i.e., difference in degree of drying between
inside and surface part of the particulate hydrogel). As a
result, the physical property of the entire water-absorbing
resin may be deteriorated.

In a case where the foaming polymerization is carried out,
it sometimes happens that gas bubbles in the water-containing
gel-like cross-linked polymer remain in the particulate hydro-
gel and therefore an intended average sphericity or internal
gas bubbles ratio (later described) cannot be obtained. In a
case where the weight average particle diameter (D50) is
smaller than 350 pum, a surface area of the particulate hydrogel
becomes large and therefore the particulate hydrogel is
extremely easily dried. This causes insufficient reduction in
acetic acid and the residual monomer in the drying step. That
is, acetic acid and/or the residual monomer are insufficiently
reduced. As a result, an amount of acetic acid and a monomer
which remain in the product may be increased.

(2-5) Drying Step

In this step, the particulate hydrogel obtained in the poly-
merization step and/or the gel-crushing step is dried to obtain
a dried polymer that has an intended resin solid content. The
resin solid content is calculated from a drying loss (i.e., a
change in weight when 1 g of the particulate hydrogel is
heated at 180° C. for 3 hours), and is preferably 80 wt % or
higher, more preferably in a range of 85 wt % to 99 wt %, still
more preferably in a range of 90 wt % to 98 wt %, particularly
preferably in a range of 92 wt % to 97 wt %.

(Removal of Acetic Acid)

According to the present invention, the drying method is
not limited to a particular one, and a known drying method
can be employed. Examples of such a drying method encom-
pass drying by heating such as hot air drying, drying under
reduced pressure, infrared drying, microwave drying, high
humidity drying using high temperature steam, drying with a
drum dryer, and drying with a paddle dryer. Among these, the
drying by heating, the hot air drying, the high humidity drying
using high temperature steam are more preferable. Examples
of the heating method in the drying step encompass hot air
heat transfer, radiant heat transfer (e.g., infrared rays), con-
ductive heat transfer (e.g., heated wall surface), dielectric
heating (e.g., microwaves), and the like. Among these various
drying methods, the hot air drying (later described) is particu-
larly preferable.

The “hot air drying” means a method of drying a particulate
hydrogel by blowing, at a wind velocity of 0.1 (nv/s) or higher,
a gas (hereinafter, referred to as “hot air”) at a temperature of
preferably 50° C. or higher, more preferably 70° C. or higher,
still more preferably 100° C. or higher. Examples of the hot
air drying encompass drying with the use of a band dryer,
drying with the use of a fluidized bed dryer, and the like.
Preferable conditions for hot air drying (i.e., drying condi-
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tions such as a drying temperature, a wind velocity and dew
point) will be described later in “Other preferable drying
conditions” below.

In each of the above described ways of drying, any of the
following drying methods (i.e., first method through fifth
method described below) is carried out so that acetic acid
contained in the water-containing gel-like cross-linked poly-
mer is at least partially removed in the drying step. In the
drying step, the acetic acid removing rate (defined in Formula
2 above) is preferably 10% or higher, more preferably 15% or
higher, particularly preferably 20% or higher. An upper limit
of the removing rate is not limited to a particular one and,
from the viewpoint of productivity, the upper limit is prefer-
ably 70% or lower, more preferably 50% or lower.

Note that the present invention does not encompass drying
by azeotropic dehydration, because a solvent odor of a hydro-
phobic organic solvent (e.g., n-heptane or cyclohexane)
which is used in the azeotropic dehydration may remain in a
polyacrylic acid (salt)-based water-absorbing resin. Here, the
“drying by azeotropic dehydration” indicates a process of
drying a water-containing gel-like cross-linked polymer by
carrying out dehydration by azeotropic distillation. Note that
a hydrophobic solvent is generally used in the azeotropic
dehydration, and therefore the azeotropic dehydration is car-
ried out at a relatively low temperature (i.e., 100° C. or lower).
On this account, the present invention employs any of the
drying methods described below in order to carry out the
drying at a drying temperature (e.g., in a range of 150° C. to
250° C.) which is suitable for removing acetic acid in the
present invention.

According to the present invention, acetic acid is removed
in the drying step by carrying out any one of the following
methods (i.e., first method through fifth method), preferably
by simultaneously carrying out any two of the following
methods, more preferably by simultaneously carrying out any
three of the following methods, still more preferably by
simultaneously carrying out any four of the following meth-
ods, particularly preferably by simultaneously carrying out
the following five methods. Further, it is more preferable to
carry out any of the following methods in addition to the
methods for removing acetic acid carried out in the polymer-
ization step.

(First Method)

According to the present invention, acetic acid is removed
with a first method in the drying step. In the first method, a
particulate hydrogel supplied in the drying step is controlled
to have a weight average particle diameter (D50) of 350 um to
2000 pm and a logarithmic standard deviation (0T) of particle
size distribution 0f0.2 to 1.5. By drying the particulate hydro-
gel having the particle size, acetic acid contained in the par-
ticulate hydrogel is at least partially removed.

It is still more preferable to control the particle size of the
particulate hydrogel to the range described in (2-4) above so
as to increase or optimize the specific surface area. This
makes it possible to efficiently carry out removal of acetic
acid in the drying.

(Second Method)

According to the present invention, acetic acid is removed
with a second method in the drying step. In the second
method, hot air drying is carried out on a particulate hydrogel,
in which a concentration of solid content is 50 wt % or lower,
so that contained acetic acid is at least partially removed. That
is, acetic acid contained in the particulate hydrogel is at least
partially removed. By thus drying the particulate hydrogel
which has the lower concentration of solid content, acetic
acid is easily volatilized, and this makes it possible to effi-
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ciently remove acetic acid. Note that the concentration of
solid content is preferably in a range of 25 wt % to 45 wt %.

(Third Method)

According to the present invention, acetic acid is removed
with a third method in the drying step. In the third method,
particulate hydrogel, to which a drying aid has been added, is
dried so that contained acetic acid is at least partially
removed. That is, acetic acid contained in the particulate
hydrogel is at least partially removed. By adding the drying
aid, gaps between gel particles are widely secured in the
drying, and it is therefore possible to efficiently remove acetic
acid.

The drying aid is preferably water-insoluble fine particles,
more preferably inorganic fine particles or water-absorbing
resin fine particles. These drying aids are added to the hydro-
gel in the polymerization step or the gel-crushing step. The
drying aids are preferably mixed with the hydrogel, still more
preferably covers the hydrogel. A used amount of the drying
aid is preferably 30 wt % or lower, more preferably in a range
0f'0.1 wt % to 25 wt %, still more preferably in a range of 1 wt
% to 20 wt %, relative to a solid content of the hydrogel.

Further, instead of the inorganic fine particles or the water-
absorbing resin fine particles, a gel fluidizer, a flocculant, or a
flocculation inhibitor can be used as the drying aid. These
compounds are disclosed in, for example, Japanese Patent
Application Publication Tokukai No. 2006-160774, Japanese
Patent Application Publication Tokukai No. 2001-213914,
and Japanese Patent Application Publication Tokukai No.
2007-071415.

Specifically, examples of these compounds encompass
long chain fatty ester, long chain fatty acid and salt thereof,
long chain aliphatic alcohol, long chain aliphatic amid, and
the like. Each of these compounds is used within the above
described range (i.e., the used amount of drying aid), and is
suitable for removing acetic acid in the drying step.

(Fourth and Fifth Methods)

According to the present invention, acetic acid is removed
with a fourth method and/or a fifth method in the drying step.
In the fourth method, the particulate hydrogel is dried for 5
minutes or more at a drying temperature in a range of 165° C.
to 230° C. in the drying step. In the fifth method, an ambient
dewing point is controlled to be in a range of 50° C. t0 100° C.
or a pressure is reduced by 0.1% to 5% from the atmospheric
pressure, during 50% or more of drying time in the drying
step.

The “ambient dewing point™ indicates a dewing point of air
that exists in an atmosphere in which the drying step is carried
out. The ambient dewing point can be controlled to be in a
range of 50° C. to 100° C. by, for example, blowing steam in
or controlling a circulation ratio of hot air.

By the drying method, contained acetic acid is at least
partially removed. That is, acetic acid contained in the par-
ticulate hydrogel is at least partially removed. By controlling
the drying temperature, the dewing point, and the drying time
to fall within the above described range, it is possible to
efficiently remove acetic acid. Note that more preferable dry-
ing conditions are described below.

(Other Preferable Drying Conditions)

The drying step of the present invention is not limited to a
particular drying method, and any of various drying methods
can be employed. Examples of the drying method encompass
drying by heating, typically, hot air drying, drying under
reduced pressure, drying with a fluidized bed, infrared drying,
microwave drying, drying with a drum dryer, and high humid-
ity drying using high temperature steam. Among these, from
the viewpoint of easiness in removal of acetic acid and water-
absorbing property, it is particularly preferable to carry out
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hot air drying with the use of a gas whose dewing point is in
a range of preferably 40° C. to 100° C., more preferably 50°
C.t0 90° C., and it is still more preferable to carry out hot air
drying at the following temperature range.

That is, from the viewpoint of easiness in removal of acetic
acid, water absorbent property, and color tone, the drying
temperature is controlled (i.e., heated up) to preferably a
temperature equal to or higher than the boiling point (i.e.,
118° C.) of acetic acid, more preferably be in a range of 150°
C. to 250° C., still more preferably 165° C. to 230° C. Note
that, in a case of the drying by heating or the high humidity
drying, a temperature of a heating medium is assumed as the
drying temperature. Moreover, in a case of the hot air drying,
hot air is the heating medium, and accordingly a temperature
of'the hot air is assumed as the drying temperature. In a case
of the infrared drying or the microwave drying, a surface
temperature of the particulate hydrogel is assumed as the
drying temperature. The drying time is most preferably 20
minutes to 60 minutes.

Here, a preferable dewing point in the drying falls within
the above described range, and the hot air drying is carried out
at the temperature and the dewing point. Note that, in the
present invention, a preferable dryer is (i) a ventilating band
dryer or a fluidized bed dryer which uses hot air or (ii) a
rotationally stirring heating dryer (e.g., rotating drum dryer)
which includes a rotationally stirring blade or a rotationally
stirring container and in which a wall surface is heated (if
needed, by supplying hot air).

By thus controlling the drying temperature and the drying
time to fall within the above described ranges, it is possible to
sufficiently remove acetic acid from the particulate hydrogel,
and it is further possible to obtain the water-absorbing resin
whose water absorption capacity (CRC), water soluble com-
ponent (Ext), and color tone fall within intended ranges (see
[3] below).

In a case where the hot air drying is carried out, it is
preferable to supply hot air in a perpendicular (i.e., vertical)
direction relative to the hydrogel at a wind velocity of pref-
erably 0.8 to 2.5 (nv/s), more preferably 1.0 to 2.0 (m/s), in
order to further attain the object of the present invention.

By thus controlling the wind velocity of the hot air to fall
within the above described range, it is possible to control a
moisture content of a resultant dried polymer to fall within an
intended range, and it is further possible to improve water
absorbing speed.

According to the present invention, it is preferable to cause
exhaust gas, which has been generated when acetic acid is
removed and contains acetic acid, to make contact with an
alkaline liquid so that acetic acid is absorbed by the alkaline
liquid. Note that the alkaline liquid is an aqueous solution of
a compound such as alkali metal hydroxide or alkali metal
carbonate. Specifically, the alkaline liquid is in a range of a
0.01 wt % to 50 wt % of alkali aqueous solution and is, in
particular, a sodium hydroxide aqueous solution. The process
of making the exhaust gas to make contact with the alkaline
liquid can be carried out with the use of, for example, a
scrubber (i.e., exhaust gas scrubbing device). This process
can be carried out in all the steps in which acetic acid is
removed. Note, however, that it is particularly useful to carry
out this process in the drying step. In the drying step, the
residual monomer is sufficiently reduced, and accordingly
merely a small amount of acrylic acid is to be evaporated.
Therefore, in the drying step, acrylic acid is reused arbitrarily.
The liquid obtained from the alkaline liquid, which has
absorbed acetic acid, is preferably discarded.
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(2-6) Pulverization Step, Classification Step

In this step, water-absorbing resin powder (for conve-
nience, a water-absorbing resin before being subjected to
surface crosslinking is referred to as “water-absorbing resin
powder”) is obtained by pulverizing a dried polymer (i.e.,
pulverization step) obtained in the drying step so that the
particle size is adjusted to a predetermined range (i.e., clas-
sification step).

Note that, for example, in a case where the hydrogel
obtained in the polymerization step is in a particulate form,
the pulverization step may not be carried out after the drying
step. In such a case, water-absorbing resin powder is to be
obtained by the drying step. As such, in this specification,
“water-absorbing resin powder obtained after the drying
step” encompasses both (i) water-absorbing resin powder
obtained by the drying step and (ii) water-absorbing resin
powder obtained as a result of subjecting a dried polymer,
which has been obtained by the drying step, to the pulveriza-
tion step and/or the classification step.

An apparatus which is used in the pulverization step of the
present invention is not limited to a particular one. Examples
of such an apparatus encompass a high-speed rotating pul-
verizer (such as a roll mill, a hammer mill, a screw mill, or a
pin mill), a vibrating mill, a roll granulator, a knuckle type
pulverizer, a cylindrical mixer, and the like, and one or more
of these are used.

Among these, the roll mill is preferable. In order to control
the particle diameter, the particle size distribution, and the
average sphericity as described later, it is preferable to use a
multiple-stage roll mill. This makes it possible to easily attain
a sharp particle size distribution. That is, in the pulverization
step which is carried out after the drying step, it is preferable
to use the multiple-stage roll mill.

The number of stages provided in the multiple-stage roll
mill is preferably 2 or more, more preferably 3 or more. Note
that an upper limit of the number of stages is not limited to a
particular one, and is preferably approximately 10. It is still
more preferable to combine the pulverization step with the
classification step (later described) such that particles, which
have a particle diameter larger than an intended particle diam-
eter (i.e., particles remained on a sieve whose mesh size is
preferably 300 um to 2000 pm, more preferably 600 um to
1200 um, for example 850 pum) are returned to the pulveriza-
tion step.

A method for adjusting the particle size in the classitying
step of the present invention is not limited to a particular one.
For example, it is possible to employ sieve classification
which is carried out with the use of a JIS standard sieve (JIS
7.8801-1 (2000)). Note that the adjustment of the particle size
of the water-absorbing resin is not carried out only in the
pulverization step and the classification step but can also be
carried out as appropriate in the polymerization step (in par-
ticular, spray drop polymerization) and the other steps (e.g.,
granulating step and fine powder collecting step).

In the present invention, the weight average particle diam-
eter (D50) of the water-absorbing resin powder (i.e., poly-
acrylic acid (salt)-based water-absorbing resin) is 300 um to
600 pum, preferably 350 um to 600 um, more preferably 400
um to 600 um, still more preferably 400 um to 500 pm.

A ratio of particles, which are contained in the water-
absorbing resin powder and has a particle diameter smaller
than 150 um, is in a range of preferably 0 wt % to wt %, more
preferably 0 wt % to 5 wt %, still more preferably 0 wt % to
1 wt %. In the water-absorbing resin powder, a ratio of par-
ticles having a particle diameter of 850 pum or larger is in a
range of preferably 0 wt % to 5 wt %, more preferably 0 wt %
to 3 wt %, still more preferably 0 wt % to 1 wt %.
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Further, a logarithmic standard deviation (o() of particle
size distribution of the water-absorbing resin powder is pref-
erably 0.20 to 0.50, more preferably 0.25 to 0.40, still more
preferably 0.27 to 0.35.

Note that the particle size of the water-absorbing resin
powder is measured with the use of a standard sieve in accor-
dance with measuring methods disclosed in International
Publication No. 2004/69915 and EDANA ERT420.2-02.

Note that types of standard sieve can be added as appro-
priate and, in the present invention, standard sieves having
respective mesh sizes of 850 um, 710 pm, 600 pm, 500 pum,
425 um, 300 pm, 212 um, 150 um, and 45 pm are used.

Moreover, the weight average particle diameter (D50) and
the logarithmic standard deviation (0C) of particle diameter
distribution are measured with the method described in the
specification of U.S. Pat. No. 7,638,570, columns 27 and 28,
“(3) Mass-Average Particle Diameter (D50) and Logarithmic
Standard Deviation (oC) of Particle Diameter Distribution”.

The particle size (i.e., the weight average particle diameter
(D50), the logarithmic standard deviation (o) of particle
diameter distribution, the ratio of particles having particle
diameter of smaller than 150 pum, and the ratio of particles
having particle diameter of 850 pum or larger) of the water-
absorbing resin powder is also applied to (i) a water-absorb-
ing resin after surface crosslinking (i.e., a surface cross-
linked water-absorbing resin; hereinafter, for convenience,
sometimes referred to as “water-absorbing resin particles™)
and (ii) water-absorbing resin as an end product (i.e., the
polyacrylic acid (salt)-based water-absorbing resin). There-
fore, it is preferable to carry out surface crosslinking on the
water-absorbing resin powder so that the above described
particle size range is maintained.

(2-7) Surface Crosslinking Step

In a surface crosslinking step, a part having a higher
crosslinking density is provided on a surface layer (i.e., a part
within several tens of micrometers from the surface) of the
water-absorbing resin powder which has been obtained
through the above described steps. The surface crosslinking
step includes (i) a step of obtaining a mixture by mixing the
water-absorbing resin powder with a surface crosslinking
agent solution, (ii) a step of heating the mixture, and, if
needed, (iii) a step of cooling the mixture which has been
heated.

In the surface crosslinking step, a water-absorbing resin
(i.e., water-absorbing resin particles), which has been surface
cross-linked, is obtained through radical crosslinking, surface
polymerization, crosslinking reaction with the surface
crosslinking agent, and the like on the surface of the water-
absorbing resin powder.

(Removal of Acetic Acid)

In the surface crosslinking step of the present invention,
acetic acid is at least partially removed by carrying out any
one of four methods described below, preferably simulta-
neously carrying out any two of the four methods, more
preferably simultaneously carrying out any three of the four
methods, still more preferably simultaneously carrying out
the four methods.

In the surface crosslinking step, an acetic acid removing
rate (defined in Formula 2 above) is preferably 0.5% or
higher, more preferably 0.7% or higher, particularly prefer-
ably 1% or higher. An upper limit of the removing rate is not
limited to a particular one and is, from the viewpoint of
productivity, preferably 10% or lower, more preferably 5% or
lower, particularly preferably 3% or lower. As such, the acetic
acid removing rate in the surface crosslinking step can be
selected as appropriate within the above described range, and
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is in a range of preferably 0.5% to 10%, more preferably 0.7%
to 5%, still more preferably 1% to 3%.

It is still more preferable to carry out any of the following
methods in addition to the methods for removing acetic acid
carried out in the polymerization step and/or the drying step.
Note that acetic acid is hardly diffused which exists in the
dried water-absorbing resin powder. However, acetic acid,
which exists in the vicinity ofthe surface ofthe water-absorb-
ing resin powder, is removed. Therefore, even though the
acetic acid removing rate is low in the surface crosslinking
step, an odor reduction effect is sometimes greatly brought
about (in a case where, in particular, the odor is smelled
without swelling the water-absorbing resin powder).

(First Method)

According to the present invention, acetic acid is removed
with a first method in the surface crosslinking step. In the first
method, surface crosslinking is carried out in the presence of
an acidic compound so that contained acetic acid is at least
partially removed. That is, in the first method, surface
crosslinking of the water-absorbing resin powder is carried
out in the presence of acidic compound, and acetic acid con-
tained in the water-absorbing resin powder is at least partially
removed by the first method.

As above described, acetic acid salt is nonvolatile. There-
fore, when the surface of water-absorbing resin is acidified
with the use of the acidic compound, salt exchange occurs by
which acetic acid salt, which exists on the surface of the
water-absorbing resin, is turned into acetic acid. By carrying
out a heat treatment as described below in this state, it is
possible to efficiently remove acetic acid.

Note that the removal of acetic acid is facilitated due to the
presence of water in the heat treatment, and it is therefore
preferable to carry out the heat treatment in the presence of a
predetermined amount of water, in particular in the presence
of water whose amount falls within the above described
range.

The acidic compound is preferably organic acid or inor-
ganic acid, more preferably nonpolymeric organic acid or
nonpolymeric inorganic acid. Specifically, examples of the
acidic compound encompass inorganic acid such as alumi-
num sulfate and phosphoric acid, and organic acid such as
lactic acid, citric acid, and oxalic acid. A used amount of the
acidic compound is in a range of preferably O part by weight
to 10 parts by weight, more preferably 0.01 part by weight to
5 parts by weight, still more preferably 0.05 part by weight to
1 part by weight, relative to 100 parts by weight of the water-
absorbing resin, i.e., 100 parts by weight of the water-absorb-
ing resin powder.

(Second Method)

According to the present invention, acetic acid is removed
with a second method in the surface crosslinking step. In the
second method, water-absorbing resin powder, to which a
surface crosslinking agent has been added, is heated at a
heating temperature in a range of 165° C. to 230° C. for 5
minutes or longer so that contained acetic acid is at least
partially removed.

After the water-absorbing resin powder is remoistened by
adding the surface crosslinking agent solution (i.e., a mois-
ture content is increased by adding water), it is possible to
efficiently remove acetic acid by heating the water-absorbing
resin powder at 165° C. or higher (preferably at a temperature
inarange of 165°C. to 230° C.). Further, an excessive volatile
surface crosslinking agent can be removed, and it is therefore
possible to preferably reduce odor derived from the surface
crosslinking agent. Note that, in a case where the remoisten-
ing is not carried out or in a case where the heating tempera-
ture is low even though remoistening is carried out, acetic
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acid cannot be sufficiently removed. The “surface crosslink-
ing agent solution” will be described later.

(Third Method)

According to the present invention, acetic acid is removed
with a third method in the surface crosslinking step. In the
third method, after a surface crosslinking agent is added,
steam is caused to exist 50% or more of the heat treatment
time so that contained acetic acid is at least partially removed.
That is, by causing the steam to exist, in particular by intro-
ducing the steam into a heat treatment device (i.e., a reacting
device), acetic acid contained in the water-absorbing resin
powder is at least partially removed.

After the water-absorbing resin powder is remoistened by
adding a surface crosslinking agent solution (i.e., a moisture
content is increased by adding water), it is possible to effi-
ciently remove acetic acid by heating the water-absorbing
resin powder at a particularly high dewing point in the pres-
ence of steam. Note that the dewing point is in a range of
preferably 0° C. to 100° C., still more preferably 5° C. to 100°
C. Note that the heating temperature is preferably in a range
of 100° C. to 230° C., and the heating time is preferably 5
minutes or more.

(Fourth Method)

According to the present invention, acetic acid is removed
with a fourth method in the surface crosslinking step. In the
fourth method, after the surface crosslinking agent is added to
the water-absorbing resin powder, a pressure is reduced by
0.1% to 5% with respect to the atmospheric pressure during
50% or more of the heat treatment time so that contained
acetic acid is at least partially removed. That is, acetic acid
contained in the water-absorbing resin powder is at least
partially removed. By thus slightly reducing the pressure after
remoistening is carried out by adding the surface crosslinking
agent solution (i.e., a moisture content is increased by adding
water), it is possible to efficiently remove acetic acid. Note
that the degree of reducing pressure is in a range of preferably
0.5% to 5%, still more preferably 1% to 3%.

(Surface Crosslinking Agent)

The surface crosslinking agent that can be used in the
present invention is not limited to a particular one. Examples
of' the surface crosslinking agent encompass various kinds of
organic surface crosslinking agents and inorganic surface
crosslinking agents. Among these, a surface crosslinking
agent which can react with a carboxyl group is preferable,
from the viewpoint of physical properties of the water-ab-
sorbing resin and ease of handling the surface crosslinking
agent.

More specifically, examples of the surface crosslinking
agent encompass polyhydric alcohol compounds such as
mono, di, tri, tetra, or polyethyleneglycol, monopropyleneg-
lycol, 1,3-propanediol, dipropyleneglycol, 2,3,4-trimethyl-1,
3-pentandiol, polypropyleneglycol, glycerin, polyglycerin,
2-butene-1,4-diol, 1,4-butandiol, 1,3-butandiol, 1,5-pentan-
diol, 1,6-hexanediol, and 1,2-cyclohexanedimethanol; epoxy
compounds such as ethyleneglycol diglycidyl ether and gly-
cidol; polyhydric amine compounds such as ethylenedi-
amine, diethylenetriamine, triethylenetetramine, tetracthyl-
enepentamine, pentacthylenehexamine, polyethyleneimine,
and polyamidepolyamine; haloepoxy compounds such as
epichlorohydrin, epibromhydrin, and c.-methyl epichlorohy-
drin; a condensate of the polyhydric amine compound and the
haloepoxy compound; an oxazoline compound; a monova-
lent or polyvalent oxazolidinone compound such as 2-oxazo-
lidinone; an alkylenecarbonate compound such as ethylen-
ecarbonate; an oxetane compound; a cyclic urea compound
such as 2-imidazolidinone; and the like.
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Among these, the oxazolidinone compound, the alkylen-
ecarbonate compound, or the polyhydric alcohol compound
is preferable, and it is more preferable to use in combination
with the alkylenecarbonate compound and the polyhydric
alcohol compound.

An amount of the surface crosslinking agent used in the
present invention (or, in a case where a plurality of surface
crosslinking agents are used, a total amount of the plurality of
surface crosslinking agents) varies depending on the used
surface crosslinking agent(s), a combination of used surface
crosslinking agents and the like, and is in a range of preferably
0.001 part by weight to 10 parts by weight, more preferably
0.01 part by weight to 5 parts by weight, relative to 100 parts
by weight of the water-absorbing resin powder which is sub-
jected to the surface crosslinking step.

(Solvent)

According to the embodiment of the present invention, it is
preferable to add and mix the water-absorbing resin powder
with a surface crosslinking agent solution which is obtained
by dissolving the surface crosslinking agent in water. In this
case, a used amount of water varies depending on a moisture
content of the water-absorbing resin powder, and is in a range
of preferably 0.5 part by weight to 20 parts by weight, more
preferably 0.5 part by weight to 10 parts by weight, relative to
100 parts by weight of the water-absorbing resin powder.

Alternatively, it is possible to use a hydrophilic organic
solvent instead of water. In this case, a used amount of the
hydrophilic organic solvent is in a range of preferably O part
by weight to 10 parts by weight, more preferably 0 part by
weight to 5 parts by weight, relative to 100 parts by weight of
the water-absorbing resin powder.

Alternatively, water-insoluble fine particles and a surfac-
tant can be contained to an extent that the effects of the present
invention would not be inhibited. In this case, a used amount
of'such compounds is in a range of preferably 0 part by weight
to 10 parts by weight, more preferably 0 part by weight to 5
parts by weight, still more preferably O part by weight to 1 part
by weight, relative to 100 parts by weight of the water-ab-
sorbing resin powder. Note that contents disclosed in U.S.
Pat. No. 7,473,739 are preferably applied.

(Mixing Step)

According to the present invention, a method of adding and
mixing the surface crosslinking agent solution in the surface
crosslinking step is not limited to a particular one. According
to the present invention, water as a solvent, a hydrophilic
organic solvent, or a mixture of these is prepared in advance,
and the prepared solvent is then added to and mixed with the
water-absorbing resin powder preferably by being sprayed or
dropped onto the water-absorbing resin powder, more pref-
erably by being sprayed onto the water-absorbing resin pow-
der.

A mixer, which is used to mix the surface crosslinking
agent solution with the water-absorbing resin powder, is not
limited to a particular one, and is preferably a high-speed
stirring mixer, more preferably a high-speed stirring continu-
ous mixer. More specifically, the mixer can be, for example,
Turbulizer (manufactured by Hosokawa Micron Corpora-
tion), Loedige mixer (manufactured by Loedige) or the like.

(Heat Treatment Step)

The water-absorbing resin powder, which has been added
and mixed with the surface crosslinking agent solution, is
subjected to heat treatment, and then is subjected to cool
treatment if needed.

The heat treatment is carried out at a temperature in a range
of preferably 70° C. to 300° C., more preferably 120° C. to
250° C., still more preferably 150° C. to 250° C. Note that the
temperature indicates a temperature of the mixture of the
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water-absorbing resin powder and the surface crosslinking
agent, and is also referred to as “heating temperature”.

In a case where the heating temperature is lower than 70°
C., surface crosslinking of the water-absorbing resin powder
is insufficiently carried out, and therefore water absorption
capacity under load (AAP) and saline flow conductivity
(SFC) are decreased. On the other hand, in a case where the
heating temperature is higher than 300° C., the water-absorb-
ing resin is unfavorably colored.

Moreover, a time of heat treatment (i.e., heating time) is in
a range of preferably 1 minute to 2 hours, more preferably 5
minutes to 1.5 hours. Note that the heat treatment can be
carried out with the use of a general dryer or a general heating
oven.

(2-8) Remoistening Step

In the remoistening step, at least one additive, which is
selected from the group consisting of a polyvalent metal salt
compound, a polycationic polymer, a chelating agent, an
inorganic reducing agent, and a hydroxycarboxylic com-
pound (which are described later), is added to the water-
absorbing resin particles obtained in the surface crosslinking
step. Moreover, adding of water to the water-absorbing resin
particles is also included in the remoistening step.

The additive is preferably added in a form of aqueous
solution or slurry. In this case, the water-absorbing resin thus
swells water again, and therefore this step is referred to as
“remoistening step”. Note that the additive can be added and
mixed concurrently with the surface crosslinking agent solu-
tion described above. A moisture content of the water-absorb-
ing resin particles (i.e., the surface cross-linked water-absorb-
ing resin obtained in the surface crosslinking step) is
preferably the later described moisture content, particularly
controlled to a moisture content in a range of 2 wt % to 9 wt
%.

(Removal of Acetic Acid)

In the remoistening step of the present invention, acetic
acid is at least partially removed by carrying out any one of
three methods described below, preferably simultaneously
carrying out any two of the three methods, more preferably
simultaneously carrying out the three methods.

In the remoistening step, an acetic acid removing rate (de-
fined in Formula 2 above) is preferably 0.5% or higher, more
preferably 1% or higher, particularly preferably 2% or higher.
An upper limit of the removing rate is not limited to a par-
ticular one and is, from the viewpoint of productivity, prefer-
ably 10% or lower, more preferably 5% or lower.

It is still more preferable to carry out any of the following
methods in addition to the methods for removing acetic acid
carried out in the polymerization step, the drying step, and/or
the surface crosslinking step. Note that acetic acid is hardly
diffused which exists in the dried water-absorbing resin.

However, acetic acid, which exists in the vicinity of the
surface of the water-absorbing resin, is removed. Therefore,
even though the acetic acid removing rate is low in the
remoistening step, an odor reduction effect is sometimes
greatly brought about (in a case where, in particular, the odor
is smelled without swelling the water-absorbing resin).

(First Method)

According to the present invention, acetic acid is removed
with a first method in the remoistening step. In the first
method, 0.5 part by weight to 15 parts by weight of water is
added to 100 parts by weight of the water-absorbing resin
obtained by the surface crosslinking, and the mixture is then
subjected to heat treatment. By this first method, contained
acetic acid is at least partially removed. By thus carrying out
the heat treatment after the remoistening is carried out by
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adding water (i.e., a moisture content is increased by adding
water), it is possible to efficiently remove acetic acid.

That is, by carrying out the heat treatment after the surface
cross-linked water-absorbing resin is remoistened by adding
water (i.e., a moisture content is increased by adding water),
it is possible to efficiently remove acetic acid.

Note that, in a case where the remoistening is not carried
out or in a case where the heating temperature is low even
though remoistening is carried out, acetic acid cannot be
sufficiently removed. An amount of water is in a range of
preferably 1 part by weight to 13 parts by weight, more
preferably 3 parts by weight to 10 parts by weight, relative to
100 parts by weight of the water-absorbing resin particles.
The heating temperature is preferably in a range 0of 30° C. to
99° C., more preferably a heating temperature described later
in (Third method).

(Second Method)

The second method of removing acetic acid (i.e., improv-
ing an acetic acid removing rate) in the remoistening step of
the present invention is a method in which polyvalent metal
ions are added in the remoistening step. That is, in the second
method, polyvalent metal ions are added to the water-absorb-
ing resin, which has been obtained by the surface crosslink-
ing, so that contained acetic acid is at least partially removed
or insolubilized.

Note that the “polyvalent metal ions are added to the water-
absorbing resin, which has been obtained by the surface
crosslinking” encompasses that (i) polyvalent metal ions are
added to the water-absorbing resin as an aqueous solution and
(ii) polyvalent metal salt is added to a water-absorbing resin
which has been obtained by adding 0.5 part by weight to 15
parts by weight of water to 100 parts by weight of the water-
absorbing resin.

By carrying out heat treatment after the water-absorbing
resin is remoistened by the addition ofthe aqueous solution of
polyvalent metal ions (i.e., a moisture content is increased by
adding water), it is possible to efficiently remove acetic acid.
This allows improvement in mixing property of the water-
absorbing resin with water, and it is therefore possible to more
efficiently remove acetic acid.

(Third Method)

According to the present invention, acetic acid is removed
with a third method in the remoistening step. In the third
method, a temperature of the water-absorbing resin, which
has been remoistened, is maintained within a range of 65° C.
t0 99° C. for 5 minutes or more (and an upper limit is approxi-
mately 2 hours) so that contained acetic acid is at least par-
tially removed. By heating, acetic acid is more easily evapo-
rated, and it is therefore possible to more efficiently remove
acetic acid. In a case where the polyvalent metal ions are used,
the mixing property of the water-absorbing resin with water is
further improved, and it is therefore possible to more effi-
ciently remove acetic acid.

Note that the “water-absorbing resin, which has been
remoistened” encompasses (i) a water-absorbing resin to
which 0.5 part by weight to 15 parts by weight of water has
been added to 100 parts by weight of the water-absorbing
resin that has been obtained by surface crosslinking, (ii) a
water-absorbing resin obtained by adding polyvalent metal
salt to the water-absorbing resin of the above (i), and (iii) a
water-absorbing resin obtained by adding an aqueous solu-
tion of polyvalent metal ions to a surface cross-linked water-
absorbing resin.

(Polyvalent Metal Salt Compound)

Examples of the polyvalent metal salt compound which
can be used in the present invention encompass varies inor-
ganic polyvalent metal salt compounds and varies organic
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polyvalent metal salt compounds. Among these, the polyva-
lent metal salt compound can be made up of any of elements
such as aluminum, zirconium, iron, titanium, calcium, mag-
nesium, and zinc. The polyvalent metal salt compound serves
as a source of polyvalent metal ions.

The polyvalent metal salt compound preferably is water-
soluble, more preferably has water solubility of 2 wt % or
higher relative to 25° C. water, still more preferably has water
solubility of 5 wt % or higher relative to 25° C. water.

Specifically, examples of the polyvalent metal salt com-
pound having such water solubility encompass inorganic acid
salt such as aluminum chloride, polyaluminum chloride, alu-
minum sulfate, aluminum nitrate, bis aluminum potassium
sulfate, bis aluminum sodium sulfate, potassium alum,
ammonium alum, sodium alum, sodium aluminate, calcium
chloride, calcium nitrate, magnesium chloride, magnesium
sulfate, magnesium nitrate, zinc chloride, zinc sulfate, zinc
nitrate, zirconium chloride, zirconium sulfate, and zirconium
nitrate, and organic acid salt such as lactic acid salt of the
polyvalent metals and acetic acid salt of the polyvalent met-
als.

Among these, the polyvalent metal salt compound is pref-
erably an aluminum compound, more preferably aluminum
chloride, polyaluminum chloride, aluminum sulfate, alumi-
num nitrate, bis aluminum potassium sulfate, bis aluminum
sodium sulfate, potassium alum, ammonium alum, sodium
alum, sodium aluminate, still more preferably aluminum sul-
fate.

From the viewpoint of solubility with a liquid to be
absorbed such as body fluid such as urine or blood, the poly-
valent metal salt compound preferably has water of crystal-
lization, most preferably is hydrated crystal powder such as
aluminum sulfate octadecahydrate or aluminum sulfate tet-
radecahydrate to octadecahydrate. It is possible to use only
one of the polyvalent metal salt compounds or two or more of
the polyvalent metal salt compounds.

A used amount of the polyvalent metal salt compound is in
a range of preferably O part by weight to 5 parts by weight,
more preferably 0.001 part by weight to 3 parts by weight,
still more preferably 0.01 part by weight to 2 parts by weight,
relative to 100 parts by weight of the water-absorbing resin
particles. By controlling the used amount to fall within the
above described range, it is possible to inhibit decrease in
water absorbency and to inhibit coloring.

(Cationic Polymer)

A cationic polymer, which can be used in the present inven-
tion, is preferably a cationic polymer having an amino group,
more preferably a water-soluble cationic polymer, still more
preferably a cationic polymer having water solubility of 2 wt
% or higher relative to 25° C. water, further preferably a
cationic polymer having water solubility of 5 wt % or higher
relative to 25° C. water.

Specifically, examples of the cationic polymer having such
water solubility encompass polyalkyleneimine such as poly-

ethyleneimine, polyetherpolyamine, polyetheramine, polyvi-
nylamine, polyalkylamine, polyallylamine, polydially-
lamine, poly(N-alkylarylamine), monoarylamine-

diarylamine copolymer, N-alkylarylamine-monoarylamine
copolymer, monoarylamine-dialkyldiallylammonium salt
copolymer,  diarylamine-dialkyldiallylammonium  salt
copolymer,  polyethylenepolyamine,  polypropylenep-
olyamine, polyamidine, and salt of these. Further, a modified
cationic polymer disclosed in International Publication No.
2009/041727 is also preferably used.

A weight-average molecular weight of the cationic poly-
mer is preferably 5000 or more, more preferably 10 thousand
or more, still more preferably 30 thousand or more. An upper
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limit is not limited to a particular one and is preferably 1
million or less, more preferably 500 thousand or less. By
controlling the weight-average molecular weight to fall
within the above described range, it is possible to inhibit
viscosity of the polycationic polymer. Therefore, such a poly-
cationic polymer is excellent in ease of handling and in mix-
ing property. Note that the weight-average molecular weight
can be calculated with a known measuring method such as
GPC, viscosity measuring, or static light scattering measur-
ing.

A used amount of the polycationic polymer is in a range of
preferably O part by weight to 5 parts by weight, more pref-
erably 0.001 part by weight to 3 parts by weight, still more
preferably 0.01 part by weight to 2 parts by weight, relative to
100 parts by weight of the water-absorbing resin particles. By
controlling the used amount to fall within the above described
range, it is possibleto inhibit (i) decrease in water absorbency,
(ii) coloring, and (iii) odor.

(Chelating Agent)

According to the present invention, a chelating agent can
be further added from the viewpoint of prevention of coloring
and deterioration of the obtained water-absorbing resin.

The chelating agent is preferably a polymer or nonpolymer
chelating agent, more preferably a nonpolymer chelating
agent. Among these, a compound selected from the group
consisting of amino polyvalent carboxylic acid, organic poly-
valent phosphoric acid, and amino polyvalent phosphoric
acid is preferable, and a nonpolymer compound is particu-
larly preferable.

Further, a chelating agent disclosed in European Patent No.
940148 can also be preferably used. Note that the term “poly-
valent” indicates that one (1) molecule has a plurality of
functional groups, preferably 2 to 30 functional groups, more
preferably 3 to 20 functional groups, still more preferably 4 to
10 functional groups.

A weight-average molecular weight of the chelating agent
is preferably 100 to 5000, more preferably 200 to 1000.

A used amount of the chelating agent is in a range of
preferably 0.001 part by weight to 0.1 part by weight, more
preferably 0.002 part by weight to 0.05 part by weight, still
more preferably 0.003 part by weight to 0.04 part by weight,
particularly preferably 0.004 part by weight to 0.02 part by
weight, relative to 100 parts by weight of the water-absorbing
resin particles. By controlling the used amount to fall within
the above described range, it is possible to inhibit deteriora-
tion in initial color tone of the water-absorbing resin and
deterioration in color tone with the lapse time of the water-
absorbing resin.

(Inorganic Reducing Agent)

According to the present invention, an inorganic reducing
agent can be further added from the viewpoint of (i) preven-
tion of coloring and deterioration of obtained water-absorb-
ing resin and (ii) reduction in residual monomer in the
obtained water-absorbing resin.

Examples of the inorganic reducing agent encompass an
inorganic reducing agent containing a sulfur atom, an inor-
ganic reducing agent containing a phosphorus atom, and the
like. The inorganic reducing agent can be an acid type or a salt
type, and is preferably the salt type, where salt is preferably
monovalent to polyvalent metal salt, more preferably
monovalent metal salt. Specifically, the inorganic reducing
agent can be, for example, (hydrogen) sulfite. Further, an
inorganic reducing agent disclosed in US Patent Application
Publication No. 2006/074160 can also be preferably used.

A used amount of the inorganic reducing agent is in a range
of'preferably 0.01 part by weight to 1.5 parts by weight, more
preferably 0.05 part by weight to 1.0 part by weight, still more
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preferably 0.05 part by weight to 0.5 part by weight, relative
to 100 parts by weight of the water-absorbing resin particles.
By controlling the used amount to fall within the above
described range, it is possible to inhibit deterioration in color
tone with the lapse time of the water-absorbing resin and an
odor of the water-absorbing resin. In particular, it is possible
to inhibit generation of an odor after the water-absorbing
resin absorbs, for example, a body fluid such as urine.

(a-hydroxycarboxylic Compound)

According to the present invention, an a-hydroxycarboxy-
lic compound can be further added from the viewpoint of
prevention of coloring of obtained water-absorbing resin.
Note that the “a-hydroxycarboxylic compound” is carboxy-
lic acid or salt thereof that has a hydroxyl group in its mol-
ecule. Specifically, the “a-hydroxycarboxylic compound” is
hydroxycarboxylic acid having a hydroxyl group in its alpha
position.

The a-hydroxycarboxylic compound is preferably a non-
polymer a-hydroxycarboxylic compound. From the view-
point of ease of handling and effect of addition, a molecular
weight of the ai-hydroxycarboxylic compound is in a range of
preferably 40 to 2000, further preferably 60 to 1000, particu-
larly preferably 100 to 500. Moreover, the a-hydroxycar-
boxylic compound is preferably water soluble. Specifically,
examples of the a-hydroxycarboxylic compound encompass
glycolic acid, tartaric acid, lactic acid (salt), citric acid (salt),
malic acid (salt), isocitric acid (salt), glycerinic acid (salt),
polya-hydroxyacrylic acid (salt), and the like. Among these,
lactic acid (salt) and malic acid (salt) are preferable, lactic
acid (salt) is more preferable.

From the viewpoint of cost, a used amount of the a-hy-
droxycarboxylic acid is in a range of preferably 0.05 part by
weight to 1.0 part by weight, more preferably 0.05 part by
weight to 0.5 part by weight, still more preferably 0.1 part by
weight to 0.5 part by weight, relative to 100 parts by weight of
the water-absorbing resin particles. By controlling the used
amount to fall within the above described range, it is possible
to inhibit deterioration in color tone with the lapse time of the
water-absorbing resin.

(Other Additive)

In order to give various functions to the water-absorbing
resin, it is possible to add an additive in addition to the above
described additives. Specifically, examples of such an addi-
tive encompass a surfactant, a compound having a phospho-
rus atom, an oxidizer, an organic reducing agent, water-in-
soluble inorganic or organic powder such as silica or metal
soap, a deodorant agent, an antibacterial agent, pulp, thermo-
plastic fiber, and the like. Further, as the surfactant, a surfac-
tant disclosed in International Publication No. 2005/075070
can be preferably used.

A used amount of these additives is determined as appro-
priate in accordance with the purpose of use and is not limited
to a particular one. The used amount of the additive(s) isin a
range of preferably 0 part by weight to 3 parts by weight, more
preferably O part by weight to 1 part by weight, relative to 100
parts by weight of the water-absorbing resin particles.

(2-9) Other Steps

In addition to the above described steps, it is possible to
carry out, if needed, steps such as a recycling step for recy-
cling an evaporated monomer, a granulating step, and a fine
powder removing step. Moreover, it is possible to further
carry out one or more of steps such as a transporting step, a
storing step, a packaging step, and a reserving step.

[3] Physical Property of Polyacrylic Acid
(Salt)-Based Water-Absorbing Resin

According to the water-absorbing resin of the present
invention, an acetic acid content (acetic acid concentration) is
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in a range of 100 ppm to 7000 ppm, a propionic acid content
(propionic acid concentration) is lower than 300 ppm, a
residual monomer (residual monomer concentration) is less
than 500 ppm, a weight average particle diameter (D50) is in
arange of 300 pm to 600 um, a logarithmic standard deviation
of particle diameter, i.e., a logarithmic standard deviation
(o¥) of particle size distribution is in a range of 0.20 to 0.50,
and a sphericity is 0.65 or higher. According to the water-
absorbing resin of the present invention, the amount of C,-C,
organic carboxylic acid and the particle size are controlled,
and therefore the water-absorbing resin has excellent water
absorbent property and hardly emits acid odor in practical
use. Further, from the viewpoint of odor and physical prop-
erty in practical use, in a case where the water-absorbing resin
is used in hygiene product, in particular, in a disposable
diaper, at least one, preferably at least two including water
absorption capacity under load (AAP), more preferably at
least three of the following physical properties (3-1) through
(3-13) are controlled to fall within intended ranges while the
above described conditions of neutralization rate and salt are
satisfied.

In a case where the larger number of the physical properties
fall within the following ranges, the polyacrylic acid (salt)-
based water-absorbing resin of the present invention can
achieve sufficient performance in a high concentration dis-
posable diaper.

The water-absorbing resin, which is obtained with the
manufacturing method in accordance with the present inven-
tion, is not limited to a particular shape, and is particularly
preferably in particle form. The following description will
discuss physical properties of particulate water-absorbing
resin, in accordance with a preferable aspect. Note that the
following physical properties are defined in conformity to the
EADANA method, unless otherwise noted.

(3-1) Water Absorption Capacity without Load (CRC)

A water absorption capacity without load (CRC) of the
water-absorbing resin in accordance with the present inven-
tionis preferably 5 (g/g) or higher, more preferably 15 (g/g) or
higher, still more preferably 25 (g/g) or higher. An upper limit
is not limited to a particular one and is preferably 70 (g/g) or
lower, more preferably 50 (g/g) or lower, still more preferably
40 (g/g) or lower.

In a case where the CRC is lower than 5 (g/g), the absor-
bency is low and such a water-absorbing resin is not suitable
for an absorbent body of hygiene product such as a disposable
diaper. In a case where the CRC is more than 70 (g/g), a speed
of absorbing, for example, a body fluid such as urine or blood
is decreased, and such a water-absorbing resin is not suitable
for a disposable diaper or the like whose water absorbing
speed is high. Note that the CRC can be controlled with the
use of an agent such as an internal crosslinking agent or a
surface crosslinking agent.

(3-2) Water Absorption Capacity Under Load (AAP)

A water absorption capacity under load (AAP) of the
water-absorbing resin in accordance with the present inven-
tion is preferably 20 (g/g) or higher, more preferably 22 (g/g)
or higher, still more preferably 23 (g/g) or higher, particularly
preferably 24 (g/g) or higher, most preferably (g/g) or higher.
An upper limit is not limited to a particular one, and is pref-
erably 30 (g/g) or lower.

In a case where the AAP is lower than 20 (g/g), an amount
of liquid returned (hereinafter, referred to as “re-wet”) when
a pressure is exerted on the absorbent body becomes large,
and such an absorbent body is not suitable for hygiene prod-
uct such as a disposable diaper. Note that the AAP can be
controlled by adjusting particle size, by the use of a surface
crosslinking agent, or the like.
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(3-3) Saline Flow Conductivity (SFC)

A saline flow conductivity (SFC) of the water-absorbing
resin in accordance with the present invention is preferably
50 (x1077-s.em®g™!) or higher, more preferably
60 (x1077-s:em®>g™") or Thigher, more preferably
70 (x1077-s-cm®>g™") or higher, still more preferably
80 (x1077-s-cm>-g™') or higher. An upper limit is not limited
to a particular one, and is preferably 3000 (x10~"-s-cm>g™")
or lower, more preferably 2000 (x10~7-s-cm®-g™!) or lower.

Ina case where the SFC is lower than 50 (x10™7-s-cm’-g %),
a liquid permeability relative to, for example, a body fluid
such as urine and blood is low, and therefore such a water-
absorbing resin is not suitable for a disposable diaper or the
like which has an absorbent body containing a large used
amount of water-absorbing resin. In a case where the SFC is
higher than 3000 (x10~"-s-cm>-g~"), for example, a body fluid
such as urine and blood may not be sufficiently absorbed and
may leak. Therefore, such a water-absorbing resin is not
suitable for a disposable diaper or the like. Note that the SFC
can be controlled by adjusting particle size or by the use of,
for example, a surface crosslinking agent, a polyvalent metal
salt, and/or a cationic polymer.

(3-4) Moisture Content

A moisture content of the water-absorbing resin in accor-
dance with the present invention is preferably more than O wt
% and 15 wt % or lower, more preferably in a range of 1 wt %
to 13 wt %, still more preferably in a range of 2 wt % to 10 wt
%, particularly preferably in a range of 2 wt % to 9 wt %. By
thus controlling the moisture content to fall within the above
described range, it is possible to obtain the water-absorbing
resin which is excellent in powder characteristic (e.g., fluid-
ity, transportability, and damage resistance).

Note that the “moisture content” indicates a ratio (wt %) of
water with respect to 100 wt % of a mixture of the water and
the water-absorbing resin (if needed, containing other com-
ponents such as an additive).

(3-5) Residual Monomer

From the viewpoint of safety, a residual monomer (residual
monomer concentration) in the water-absorbing resin of the
present invention is preferably in a range of 0 ppm to 500
ppm, more preferably O ppm to 400 ppm, still more preferably
0 ppm to 300 ppm. By controlling the residual monomer to
fall within the above described range, it is possible to obtain
the water-absorbing resin which is less stimulating to, for
example, the skin. Further, it is possible to reduce odor
derived from a residual monomer.

(3-6) Acetic Acid Content (Acetic Acid Concentration) and
Propionic Acid Content (Propionic Acid Concentration)

An acetic acid content (acetic acid concentration) of the
water-absorbing resin in accordance with the present inven-
tion is in arange of 100 ppm to 7000 ppm, preferably 100 ppm
to 5000 ppm, 100 ppm to 2000 ppm, 150 ppm to 1500 ppm,
200 ppm to 1000 ppm, in this order, and particularly prefer-
ably 400 ppm to 1000 ppm.

By controlling the acetic acid content to fall within the
above described range, it is possible to obtain the water-
absorbing resin whose odor is inhibited and which is excellent
in water soluble component and water-absorbing property.
Further, it is possible to inhibit an ammonia odor in urine.

A propionic acid content (propionic acid concentration) of
the water-absorbing resin in accordance with the present
invention is preferably 500 ppm or lower, preferably 450 ppm
orlower, more preferably 300 ppm or lower (and a lower limit
is 0 ppm).

According to the water-absorbing resin of the present
invention, a ratio between the acetic acid content (ppm) and
the propionic acid content (ppm) is controlled as follows: that
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is, the acetic acid content is higher than the propionic acid
content by preferably 3 times or more, more preferably 4
times or more, still more preferably 5 times or more, particu-
larly preferably 6 times or more. A propionic acid odor is a
peculiar unpleasant odor, and an acid dissociation constant
(PKa) of acetic acid is smaller than that of propionic acid.
Therefore, it is preferable that the amount of propionic acid is
sufficiently smaller than that of acetic acid.

(3-7) Water Soluble Component (Ext)

A water soluble component (Ext) of the water-absorbing
resin in accordance with the present invention is preferably 35
wt % or lower, more preferably 25 wt % or lower, still more
preferably 15 wt % or lower. A lower limit is O wt % but can
be 3 wt % or higher or 5 wt % or higher by taking into
consideration a balance with the other physical properties
(e.g., CRC).

In a case where the water soluble component is higher than
35 wt %, a gel strength is low and therefore the liquid perme-
ability of the water-absorbing resin may be deteriorated. Fur-
ther, the re-wet is increased, and therefore such a water-
absorbing resin is not suitable for use in a disposable diaper or
the like. Note that the water soluble component can be con-
trolled with the use of an internal crosslinking agent or the
like.

In a case where the amount of acetic acid in the raw mate-
rial acrylic acid is more than 10000 ppm, a water soluble
component in the obtained water-absorbing resin tends to be
increased.

(3-8) Water Absorbing Speed (FSR)

According to the water-absorbing resin of the present
invention, a water absorbing speed (FSR) is preferably 0.10
(g/g/s) or higher, more preferably 0.15 (g/g/s) or higher, still
more preferably 0.20 (g/g/s) or higher, particularly preferably
0.25 (g/g/s) or higher. An upper limit is preferably 1.0 (g/g/s)
or lower, more preferably 0.5 (g/g/s) or lower, still more
preferably 0.4 (g/g/s) or lower, particularly preferably 0.35
(g/g/s) or lower, from the viewpoint of a balance with the
liquid permeability and in order to reduce a surface area of the
water-absorbing resin for inhibiting an acid odor.

In a case where the water absorbing speed (FSR) is lower
than 0.10 (g/g/s), for example, a body fluid such as urine and
blood may not be sufficiently absorbed and may leak. There-
fore, such a water-absorbing resin is not suitable for a dispos-
able diaper or the like. On the other hand, in a case where the
water absorbing speed (FSR) is too high, the liquid perme-
ability may be deteriorated. In a case where a surface area of
the water-absorbing resin is excessively enlarged in order to
improve the FSR, an acid odor is easily generated. Note that
the FSR can be controlled, for example, by foaming polymer-
ization or by adjusting particle size.

(3-9) Particle Size

A weight average particle diameter (D50) of the water-
absorbing resin in accordance with the present invention is in
a range of 300 um to 600 um, preferably 350 pm to 600 pm,
more preferably 400 um to 600 um, still more preferably 400
um to 500 pm.

A ratio of particles whose particle diameter is smaller than
150 um is in a range of preferably 0 wt % to 10 wt %, more
preferably 0 wt % to 5 wt %, still more preferably 0 wt % to
1 wt %. A ratio of particles whose particle diameter is 850 pm
or larger is in a range of preferably 0 wt % to 5 wt %, more
preferably 0 wt % to 3 wt %, still more preferably 0 wt % to
1 wt %.

A logarithmic standard deviation (o) of particle size dis-
tribution of the water-absorbing resin in accordance with the
present invention is in a range of 0.20 to 0.50, preferably 0.25
to 0.40, more preferably 0.27 to 0.35.
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In a case where the weight average particle diameter is
smaller than the range of the present invention, the surface
area of the water-absorbing resin becomes large and an acid
odor is easily generated. In a case where the logarithmic
standard deviation (oC) of particle size distribution is large,
an acid odor is easily generated and a water absorbing prop-
erty is deteriorated.

(3-10) Initial Color Tone

An initial color tone of the water-absorbing resin of the
present invention has, based on Hunter’s Lab color system, an
L-value of preferably 88 or more, more preferably 89 or more,
still more preferably 90 or more. An upper limit is 100, and no
problem occurs due to color tone, provided that the L-value is
88 or more. Moreover, an a-value is in a range of preferably
-3 t0 3, more preferably -2 to 2, still more preferably -1 to 1.
Moreover, a b-value is in a range of preferably 0 to 12, more
preferably 0 to 10, still more preferably O to 9. Note that, as
the L-value approaches 100, whiteness is increased, and as
the a-value and the b-value approach 0, the color fades and
becomes substantially white.

(3-11) Color Tone with the Lapse of Time

A color tone with the lapse of time of the water-absorbing
resin of the present invention has, based on the Hunter’s Lab
color system, an [-value of preferably 80 or more, more
preferably 81 or more, still more preferably 82 or more,
particularly preferably 83 or more. An upper limit is 100, and
no problem occurs due to color tone, provided that the
L-value is 80 or more. Moreover, an a-value is in a range of
preferably -3 to 3, more preferably -2 to 2, still more pref-
erably -1 to 1. Moreover, a b-value is in a range of preferably
0to 15, more preferably O to 12, still more preferably Oto 10.
Note that, as the L-value approaches 100, whiteness is
increased, and as the a-value and the b-value approach 0, the
color fades and becomes substantially white.

(3-12) Average Sphericity

An average sphericity of the water-absorbing resin in
accordance with the present invention is 0.65 or more, pref-
erably in a range 0f 0.68 to 0.82, more preferably in a range of
0.7010 0.80. In a case where the average sphericity is less than
0.65, a surface area is excessively enlarged and an acid odor
is easily generated. On the other hand, in a case where the
average sphericity is more than 0.82, it may be difficult to
handle such a water-absorbing resin.

(3-13) Internal Gas Bubbles Ratio

An internal gas bubbles ratio of the water-absorbing resin
in accordance with the present invention is controlled by
gel-crush or the like to be in a range of preferably 0.1 to 3.0,
more preferably 0.3 to 2.5, particularly preferably 0.5 to 2.0.
From the viewpoint of physical property of the water-absorb-
ing resin and reduction in odor, the internal gas bubbles ratio
is preferably controlled to fall within the above described
range so that fine powder is less generated by mechanical
damage such as impact. Note that it is not preferable to control
the internal gas bubbles ratio to be excessively small because
(1) the manufacturing method (foaming polymerization, hot
air drying, and the like) of the present invention cannot be
used, (i) a balance with the other physical properties is dete-
riorated, and (iii) the water absorbing speed (e.g., FSR) is
decreased.

(3-14) Hydrophobic Solvent Content

A hydrophobic solvent content in the water-absorbing
resin of the present invention is preferably less than 10 ppm,
more preferably less than 5 ppm, still more preferably less
than 1 ppm. Note that the hydrophobic solvent content is
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measured with, for example, a headspace gas chromatograph
mass spectrometry or a detecting tube (for hydrocarbon).

[4] Purpose of Use of Polyacrylic Acid (Salt)-Based
Water-Absorbing Resin

The purpose of use of the water-absorbing resin of the
present invention is not limited to a particular one, and can
preferably be used as an absorbent body of hygiene product
such as a disposable diaper, a sanitary napkin, and an incon-
tinence pad. In particular, the water-absorbing resin of the
present invention can be used as an absorbent body of a high
concentration disposable diaper (in which a large used
amount of water-absorbing resin is contained in one (1) dis-
posable diaper) that conventionally had a problem such as an
odor derived from a raw material and coloring. Further, in a
case where the water-absorbing resin of the present invention
is used as an upper layer part of the absorbent body, it is
possible to bring about remarkable effects.

Moreover, the absorbent body can contain an absorbent
material such as pulp fibers, in addition to the water-absorb-
ing resin. In this case, a content (i.e., core concentration) of
the water-absorbing resin in the absorbent body is in a range
of preferably 30 wt % to 100 wt %, more preferably 40 wt %
to 100 wt %, still more preferably 50 wt % to 100 wt %,
further still more preferably 60 wt % to 100 wt %, particularly
preferably 70 wt % to 100 wt %, most preferably 75 wt % to
95 wt %.

By controlling the core concentration to fall within the
above described range, in a case where the absorbent body is
used as an upper layer part of an absorbent article, the absor-
bent article can maintain a clean white state. Further, such an
absorbent body is excellent in diffusion property with respect
to, for example, a body fluid such as urine and blood, and it is
therefore possible to increase an absorption amount by effi-
cient liquid distribution.

Note that the present invention also encompasses the fol-

lowing invention:
(1) A method for manufacturing a polyacrylic acid (salt)-
based water-absorbing resin, the method including the steps
of: (a) preparing a monomer aqueous solution containing
acrylic acid (salt) as a main component; (b) carrying out
polymerization on the monomer aqueous solution; (¢) drying
a water-containing gel-like cross-linked polymer obtained in
the step (b); and (d) surface-crosslinking water-absorbing
resin powder obtained after the step (c), the steps (a) through
(d) being carried out in this order,

an acetic acid content in acrylic acid or an acrylic acid
aqueous solution, which is supplied in the step (a), being in a
range of 300 ppm to 10000 ppm, and an acetic acid concen-
tration lowering rate, which is defined by the following for-
mula, being 30% or higher:

(Acetic acid concentration lowering rate) (%)={1-
(acetic acid concentration in water-absorbing

resin)/(acetic acid concentration in acrylic acid or
acrylic acid aqueous solution) }x100

where “(acetic acid concentration in water-absorbing
resin)” is an acetic acid concentration in the water-absorbing
resin obtained as a product, and “(acetic acid concentration in
acrylic acid or acrylic acid aqueous solution)” is an acetic acid
concentration in the acrylic acid or the acrylic acid aqueous
solution which is supplied in the step (a).
(2) The method described in the above (1), in which: the
polymerization is foaming polymerization or grain refining
polymerization in which the monomer aqueous solution has a
concentration of solid content in a range of 30 wt % to 55 wt
% and a degree of increase in solid content in the monomer
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aqueous solution is in a range of 1 wt %to 15 wt %; and acetic
acid contained in the monomer aqueous solution is at least
partially removed in the step (b).

(3) The method described in the above (1), in which: the
polymerization is carried out on the monomer aqueous solu-
tion which has a concentration of solid content of lower than
30 wt %; and in and/or after the step (b), the method further
includes the step of neutralizing the water-containing gel-like
cross-linked polymer.

(4) The method described in any of the above (1) through (3),
in which: a particulate water-containing gel-like cross-linked
polymer, which is subjected to the step (c), is such that a
weight average particle diameter (D50) of the particulate
water-containing gel-like cross-linked polymer is in a range
01’350 pm to 2000 um, and a logarithmic standard deviation
(0C) of particle size distribution of the particulate water-
containing gel-like cross-linked polymer is ina range of 0.2 to
1.5.

(5) The method described in any of the above (1) through (4),
in which: in the step (c), acetic acid is at least partially
removed by drying particulate water-containing gel-like
cross-linked polymer, whose concentration of solid content is
50 wt % or lower, by hot air.

(6) The method as set forth in any of the above (1) through (5),
in which: in the step (c), acetic acid is at least partially
removed by adding a drying aid to particulate water-contain-
ing gel-like cross-linked polymer.

(7) The method described in any of the above (1) through (6),
in which: in the step (c), acetic acid is at least partially
removed by drying particulate water-containing gel-like
cross-linked polymer at a drying temperature in a range of
165° C. to 230° C. for 5 minutes or more.

(8) The method described in any of (1) through (7), in which:
in the step (c), acetic acid is at least partially removed (i) by
controlling an ambient dewing point to be in a range of 50° C.
to 100° C. during 50% or more of drying time or (ii) by
reducing a pressure by 0.1% to 5% with respect to an atmo-
spheric pressure during 50% or more of drying time.

(9) The method described in any of the above (1) through (8),
in which: in the step (d), acetic acid is at least partially
removed by carrying out surface-crosslinking in the presence
of'an acidic compound.

(10) The method described in any of the above (1) through (9),
in which: in the step (d), acetic acid is at least partially
removed by adding a surface crosslinking agent solution and
then reducing the pressure by 0.1% to 5% with respect to the
atmospheric pressure during 50% or more of heat treatment
time.

(11) The method described in any of the above (1) through
(10), further including the step of: (¢) remoistening the water-
absorbing resin, which has been obtained in the step (d), by
carrying out heat treatment after adding 0.5 wt % to 15 wt %
of water to the water-absorbing resin.

(12) The method described in the above (11), in which: in the
step (e), a polyvalent metal ion is added.

(13) The method described inthe above (11) or (12), in which:
in the step (e), acetic acid is at least partially removed by
setting (i) a temperature in heat treatment to 65° C. or higher
and (ii) heat treatment time to 5 minutes or more.

(14) The method described in any of the above (11) through
(13), in which: in the step (e), a moisture content in the
water-absorbing resin is controlled to be in a range of 2 wt %
to 9 wt %.

(15) The method described in any of the above (1) through
(14), in which: an acetic acid content in the polyacrylic acid
(salt)-based water-absorbing resin is in a range of 100 ppm to
2000 ppm.
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(16) The method described in any of the above (1) through
(15), in which acetic acid is removed by 10 wt % or more in
and/or after the step (b).
(17) The method described in any of (1) through (16), in
which a mixture of two or more types of acrylic acid or acrylic
acid aqueous solution, which are different in acetic acid con-
tent, is used.
(18) The polyacrylic acid (salt)-based water-absorbing resin
which has a saline flow conductivity (SFC) of
50 [x1077-s.cm>-g~*] or higher and an acetic acid content in a
range of 100 ppm to 2000 ppm.

EXAMPLES

The following description will discuss the present inven-
tion more concretely in accordance with Examples and Com-
parative Examples below. Note, however, that the present
invention is not limited to these and Example derived from a
proper combination of technical means disclosed in respec-
tive different Examples is also encompassed in the technical
scope of the present invention.

For convenience, a term “liter” may be abbreviated as “1”
or “L”, a term “% by weight” may be abbreviated as “wt %”.
Moreover, a value which is not higher than the detection limit
in measuring a trace component is referred to as “N.D. (Non
Detected)”.

Note that a power source of an electric apparatus (including
measurement of physical properties of the water-absorbing
resin) used in Production Examples, Examples, and Com-
parative Examples was 200 V or 100 V, unless otherwise
noted. Moreover, the physical properties of the water-absorb-
ing resin of the present invention were measured at a room
temperature (i.e., in a range of 20° C. to 25° C.) and at a
relative humidity of 50% RH, unless otherwise noted.
[Measurement of Physical Properties of Water-Absorbing
Resin]

(a) Water absorption capacity without load (CRC)

The water absorption capacity without load (CRC) of the
water-absorbing resin of the present invention was measured
in conformity to ERT441.2-02.

(b) Water absorption capacity under load (AAP) The water
absorption capacity under load (AAP) of the water-absorbing
resin of the present invention was measured substantially in
conformity to ERT442.2-02, except that a load condition was
changed to 4.83 kPa (0.7 psi).

(c) Saline Flow Conductivity (SFC)

The saline flow conductivity (SFC) of the water-absorbing
resin of the present invention was measured in accordance
with a measuring method disclosed in the specification of
U.S. Pat. No. 5,669,894.

(d) Moisture Content, Concentration of Solid Content

A moisture content of each of the water-absorbing resin
and the water-containing gel-like cross-linked polymer in the
present invention was measured substantially in conformity
to ERT430.2-02, except that a weight of the water-absorbing
resin was changed from 4.0 g to 1.0 g and a drying tempera-
ture was changed from 105° C. to 180° C. Note that the
water-containing gel-like cross-linked polymer is used which
has been crushed into a state of particles.

Note that the concentration of solid content (wt %) is
defined as (100-moisture content) (wt %).

(e) Residual Monomer (Quantitative Determination of
Trace Component)

The residual monomer in the water-absorbing resin of the
present invention was measure in conformity to ERT410.2-
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02. Note that trace components (e.g., acetic acid) other than
the residual monomer were also measured in conformity to
ERT410.2-02.

Moreover, trace components (e.g., acetic acid) in the water-
containing gel-like cross-linked polymer were measured
while changing (i) a weight of a sample to 2 g and (ii) a stirring
time to 24 hours.

() Water Soluble Component

The water soluble component of the water-absorbing resin
of the present invention was measured in conformity to
ERT470.2-02.

(g) Water Absorbing Speed (FSR)

The water absorbing speed (FSR) of the water-absorbing
resin of the present invention was measured with the follow-
ing method:

Thatis, 1.00 g of the water-absorbing resin was poured into
25 ml glass beaker (having diameter in a range of 32 mm to 34
mm, height of 50 mm) such that an upper surface of the
water-absorbing resin is leveled. Note that, in this case, it is
possible to carry out an operation such as tapping a bottom of
the beaker.

Next, 20 g of a 0.90 wt % of sodium chloride aqueous
solution, whose temperature has been adjusted to 23+0.2° C.,
was poured into a 50 ml glass beaker, and a total weight (W1)
(g) of the beaker and the sodium chloride aqueous solution
was measured. Then, the sodium chloride aqueous solution
was poured quickly and gently into the beaker containing the
water-absorbing resin, and a time required for the entire
sodium chloride aqueous solution to be absorbed by the
water-absorbing resin was measured.

Note that the time was measured from a time point at which
the sodium chloride aqueous solution made contact with the
water-absorbing resin to a time point at which the upper
surface, which had first been the sodium chloride aqueous
solution, was replaced with the water-absorbing resin that had
absorbed the entire sodium chloride aqueous solution. The
time thus measured is represented as “ts” (second). Moreover,
the replacement in the upper surface was confirmed visually
in an angle of 20° with respect to the vertical direction.

Lastly, a weight (W2) (g) of the 50 ml glass beaker, which
had been emptied, was measured, and the water absorbing
speed (FSR) was calculated based on Formula 5 below.

[Math. 6]

FSR[g/g/s]=(W1-W2)/(weight of water-absorbing

resin)/ts Formula 5

(h) Particle Size

The particle size of the water-absorbing resin in accor-
dance with the present invention is measured with the use of
a standard sieve in conformity to measuring methods dis-
closed in International Publication No. 2004/69915 and
EDANA ERT420.2-02. Note that types of standard sieve can
be added as appropriate and, in the present invention, stan-
dard sieves were used which had respective mesh sizes of 850
pum, 710 pm, 600 pm, 500 um, 425 wm, 300 pm, 212 pm, 150
pum, and 45 pm.

Moreover, the weight average particle diameter (D50) and
the particle diameter distribution range are measured with a
method similar to the method described in the specification of
U.S. Pat. No. 7,638,570, columns 27 and 28, “(3) Mass-
Average Particle Diameter (D50) and Logarithmic Standard
Deviation (o) of Particle Diameter Distribution”.
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(1) Sensory Evaluation 1 (Evaluation of Odor from Water-
Absorbing Resin Swollen with Physiological Saline Solu-
tion)

A sensory evaluation 1 (evaluation of odor) on the water-
absorbing resin of the present invention was carried out with
the following procedures:

That is, 50 ml of a 0.9 wt % of sodium chloride aqueous
solution was poured into a 120 ml polypropylene container
having a lid (product name: Pack Ace/manufactured by: Ter-
aoka Co., Ltd/size: aperture diameter of 50 mmxbottom
diameter of 54 mmxheight of 74 mm).

Next, 2.0 g of the water-absorbing resin was added into the
polypropylene container containing the sodium chloride
aqueous solution so that the water-absorbing resin absorbs the
sodium chloride aqueous solution. After that, the container
was covered with the lid and then maintained at 37° C. for 6
hours.

After the maintaining time (i.e., 6 hours) elapsed, the lid of
the container was opened, and the odor of the water-absorbing
resin was evaluated in accordance with the following standard
by smelling at a location 3 cm above an opening of the
container.

The evaluation of odor of the water-absorbing resin was
carried out by 10 adults who were arbitrarily selected. Each of
the adults evaluated odor with the following 5 levels, i.e., “1:
odorless”, “2: slight odor”, “3: perceivable and permissible
odor”, “4: strong odor”, and “5: extraordinary odor”. Then,
the odor of the water-absorbing resin was evaluated based on
an average of values obtained from the 10 adults.

(j) Sensory Evaluation 2 (Evaluation of Odor of Water-
Absorbing Resin Swollen with Artificial Urine)

The sensory evaluation 2 on the water-absorbing resin of
the present invention was different from the (i) sensory evalu-
ation 1 in that artificial urine was absorbed by the water-
absorbing resin instead of the physiological saline solution.
The artificial urine used was so-called Jayco artificial urine
(USA,; available from Jayco, Inc.) [composition: 2.0 g of
potassium chloride, 2.0 g of sodium sulfate, 0.85 g of ammo-
nium dihydrogen phosphate, 0.15 g of ammonium monohy-
drogen phosphate, 0.19 g of calcium chloride, and 0.23 g of
magnesium chloride as anhydrous salts; and distilled water,
where a total amount was 1000 g].

(k) Quantitative Determination of Trace Component in
Acrylic Acid

Quantitative determination of trace components contained
in acrylic acid used as a raw material for the water-absorbing
resin of the present invention was carried out with gas chro-
matography. As a detector, a flame ionization detector (FID)
was used. Note that the measuring method makes it possible
to quantitatively determine acetic acid and propionic acid,
and a detection limit is 1 ppm.

Moreover, from a chromatograph obtained by the measure-
ment, it is possible to quantitatively determine acetic acid in
the acrylic acid or acrylic acid aqueous solution on the acrylic
acid basis. The same applies to the other trace components.

() Apparent Density

An apparent density of the water-absorbing resin of the
present invention was measured in accordance with a method
described in “Apparent Density” on page 26 of US Patent
Application Publication No. 2012/0258851 (corresponding
JP Patent Literature: International Publication No. 2011/
78298 pamphlet).

(m) Real Density

A real density of the water-absorbing resin of the present
invention was measured in accordance with a method
described in “Real Density” on page 26 of US Patent Appli-
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cation Publication No. 2012/0258851 (corresponding P
Patent Literature: International Publication No. 2011/78298
pamphlet).

(n) Internal Gas Bubbles Ratio

An internal gas bubbles ratio of the water-absorbing resin
of'the present invention was calculate based on the following
formula with the use of the apparent density (which is
assumed as p1 [g/cm®]) measured with the method described
in the above [ Apparent density] and the real density (which is
assumed as p2 [g/cm®]) measured with the method described
in the above [Real density].

(Internal gas bubbles ratio) [%]={(real density)-(ap-
parent density)}/(real density)x100

(p) Average Sphericity

A sphericity (SPHT) was obtained as follows: an image of
the water-absorbing resin was obtained with the use of a
microscope (with magnification of 10 times) and then a cir-
cularity and a sphere volume of each particle were obtained
with the use of an image analysis software (WinROOF Ver.
6.1.1). In this specification, the average sphericity indicates a
(volume) average sphericity weighted with a sphere volume
which has been obtained from a diameter that is a shortest
width of a polymer particle as above described.

Specifically, water-absorbing resin, which had no segrega-
tion, was extracted with a micro spatula and dispersed on a
tray whose bottom surface was black and flat. In this case, in
a case where the particles of the water-absorbing resin were
making contact with each other, the tray was tapped so that
the particles were dispersed to be away from each other.

Next, an image of the water-absorbing resin on the tray was
obtained with the use of a microscope (with magnification of
10 times) with a pixel number of 100 thousand to 1 million
pixels per 1 mm”. From the image, a circularity and a sphere
volume of each of the particles of the water-absorbing resin
were obtained with the use of the image analysis software.
Here, “circularity” is a synonymous of “sphericity” in this
specification. In a case where the number of particles was less
than 100, an image of the water-absorbing resin was taken
again with the microscope and analyzed with the image
analysis software, and then data thus analyzed was added so
that the circularity and the sphere volume were obtained for
each of the 100 or more particles of the water-absorbing resin.
From these pieces of data, the (volume) average sphericity
weighted with the sphere volume was calculated.

Production Example 1

Gaseous acrylic acid obtained by contact vapor-phase oxi-
dation of propylene was captured by using water, thereby
continuously obtaining a 70 wt % of acrylic acid aqueous
solution. Then, an azeotropic dehydration distillation was
performed by using a distillation column (azeotropic dehy-
dration column) equipped with 50 stages of perforated-plates
with no weir. In the azeotropic dehydration distillation, tolu-
ene was supplied from a top of the distillation column (azeo-
tropic dehydration column), and the acrylic acid aqueous
solution was supplied to one of middle stages of the distilla-
tion column. As a result of the azeotropic dehydration, crude
acrylic acid was obtained from a bottom of the distillation
column.

Next, the crude acrylic acid was distilled at a reflux ratio of
1 with a distillation column (high-boiling-point impurity
removing column) to a bottom of which the crude acrylic acid
was continuously supplied, and which was equipped with 50
stages of perforated-plates with no weir. After this distilla-
tion, the crude acrylic acid was purified by re-distillation, and
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mixed with p-methoxy phenol serving as a polymerization
inhibitor. As a result, an acrylic acid composition (al) whose
purity was 99 wt % or greater was obtained.

Impurities remained in the acrylic acid composition (al)
included 300 ppm of acetic acid, 100 ppm of propionic acid,
100 ppm of acrylic dimer, and N.D. amounts (not detectable
amounts/1 ppm or less) of protoanemonin (PAN) and alde-
hyde content. Moreover, p-methoxy phenol content in the
acrylic acid composition was 70 ppm.

Production Example 2

The above operation was repeated in the same manner as in
Production Example 1 except that an azeotropic dehydration
column used herein had 45 stages, instead of 50 stages, of
perforated-plates with no weir. This produced an acrylic acid
composition (a2), whose purity was 99 wt % or greater.

Impurities remained in the acrylic acid composition (a2)
included 1800 ppm of acetic acid, 400 ppm of propionic acid,
110 ppm of acrylic dimer, and N.D. amounts (not detectable
amounts/1 ppm or less) of protoanemonin (PAN) and alde-
hyde content. Moreover, p-methoxy phenol content in the
acrylic acid composition was 70 ppm.

Production Example 3

The acrylic acid composition (al) obtained in Production
Example 1 and the acrylic acid composition (a2) obtained in
Production Example 2 at a weight ratio of 2:3 were fed and
mixed in a same tank, in which a mixture thus obtained was
held for an average holding time of 4 hours and collected
thereafter, thereby obtaining an acrylic acid composition (a3).

Impurities remained in the acrylic acid composition (a3)
included 1200 ppm of acetic acid, 280 ppm of propionic acid,
120 ppm of acrylic dimer, and N.D. amounts (not detectable
amounts/1 ppm or less) of protoanemonin (PAN) and alde-
hyde content. Moreover, p-methoxy phenol content in the
acrylic acid composition was 70 ppm.

Production Example 4

The 70 wt % of acrylic acid aqueous solution obtained in
Production Example 1 was crystalized out, thereby obtaining
an acrylic acid composition (a4). Impurities remained in the
acrylic acid composition (a4) included 1470 ppm of acetic
acid, 270 ppm of propionic acid, 90 ppm of acrylic dimer, and
N.D. amounts (not detectable amounts/1 ppm or less) of
protoanemonin (PAN) and aldehyde content. Moreover,
p-methoxy phenol content in the acrylic acid composition
was adjusted to 70 ppm by adding p-methoxy phenol.

Comparative Example 1

Into the acrylic acid composition (a3) obtained in Produc-
tion Example 3, commercially-available propionic acid
(made by Tokyo Chemical Industry Co., Ltd./Product code;
P0500) was added, thereby adjusting the propionic content to
300 ppm as in Example 3 in Patent Literature (US patent
application publication No. 2008/214750) meanwhile the
acetic acid content was 1200 ppm. An acrylic acid composi-
tion thus obtained is denoted as an acrylic acid composition
(a3+ProA) hereinafter.

By using the acrylic acid composition (a3+ProA), a mono-
mer aqueous solution of 75 mol % in neutralization rate was
prepared in the same manner as in Example 3 of Patent
Literature 12, thereby obtaining a comparative water-absorb-
ing resin (cl).
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Specifically, polymerization was conducted in the same
manner as in the operation of Example 3 of Patent Literature
12 by using a jacketed kneader of 10 L in capacity. Conse-
quently, a comparative water-containing gel-like cross-linked
polymer (c1) in the form of particles was obtained with a
concentration of solid content of 37 wt %.

The comparative water-containing gel-like cross-linked
polymer (cl) in the form of particles was further treated as
follows even though the following treatment is not specifi-
cally described in Patent Literature 12. The comparative
water-containing gel-like cross-linked polymer (c1) in the
form of particles was scattered over a drying mesh to be
accumulated by about 1 g/cm?® (to be about 2 cm in layer
height) on the drying mesh. Then, the comparative water-
containing gel-like cross-linked polymer (c1) was dried by
using a well-known through-flow type stationary dryer (made
by Satake Chemical Equipment MFG. Ltd. (Product Code;
71-S6)), thereby obtaining a comparative dried polymer (c1).

Then, the comparative dried polymer (c1) is pulverized by
using a roll mill with roll clearance of 0.4 mm, and classified
by using JIS standard sieves of 850 um and 100 um in mesh
size, respectively, thereby obtaining comparative water-ab-
sorbing resin powder (c1) in a range of 100 pm to 850 um in
particle diameter. The comparative water-absorbing resin
powder (c1) thus obtained was 3.9 wt % in moisture content,
38 g/g in CRC, and 10 wt % in water soluble component.

The comparative water-absorbing resin powder (c1) was
further subjected to surface crosslinking treatment according
to the method in Example 3 of Patent Literature 12, thereby
obtaining comparative water-absorbing resin (c1).

Physical properties of the comparative water-absorbing
resin (c1) thus obtained are shown in Tables 1 and 2.

In the steps of the water-absorbing resin manufacturing
process herein, acetic acid removing rates were as follows:
approximately 0% in the polymerization step (the acetic acid
concentration 350 ppm was constant against moisture content
change from 64 wt % to 63 wt %), 7% in the drying step (the
acetic acid concentration was changed from 350 ppm to 870
ppm against moisture content change from 63 wt % to 4.0 wt
%), approximately 0% in the surface crosslinking step (the
acetic acid concentration was changed from 870 ppm to 860
ppm against moisture content change from 4.0 wt % to 5.1 wt
%), and substantially 0% in the other steps (such as pulveri-
zation and classification), with 7% throughout the overall
manufacturing process. Moreover, in comparison with the
acetic acid concentration (1200 ppm) in the acrylic acid com-
position (a3+ProA) used in the polymerization, the acetic
acid concentration in the comparative water-absorbing resin
(c1) was 860 ppm, and thus acetic acid concentration lower-
ing rate was 28.3% (=(1-860/1200)x100).

Example 1

Continuously fed and mixed in a mixer were 216 parts by
weight of the acrylic acid composition thus obtained in Pro-
duction Example 2 (a2/acetic acid concentration 1800 ppm),
186 parts by weight of a 48.5 wt % of sodium hydroxide
aqueous solution, 186 parts by weight of pure water, 12.5
parts by weight of'a 10 wt % of polyethylene glycol diacrylate
(n=9) aqueous solution, and 5.3 parts by weight ofa 1 wt % of
ethylene diamine tetramethylene phosphate aqueous solu-
tion. Thereby, a monomer aqueous solution (1) was obtained,
which had a neutralization rate of 75 mol %, and concentra-
tion of 43 wt %. The sodium hydroxide aqueous solution had
aniron content of’3 ppm (based on Fe,O,/measured value). In
comparison with acrylic acid (molecular weight 72), an aver-
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age molecular weight of the monomer was 88.5. Here, the
acetic acid concentration was diluted.

Subsequently, the monomer aqueous solution (1) was
heated by using a heater. When the temperature of the mono-
mer aqueous solution (1) reached 95° C., 12 parts by weight
of'a 3 wt % of sodium persulfate aqueous solution was added
therein. Then, the monomer aqueous solution (1) was poured
over a trough plate coated with Teflon (registered trademark),
thereby spontaneously starting polymerization. The polymer-
ization proceeded while boiling the monomer aqueous solu-
tion (1) vigorously on the trough plate.

In this manner, a water-containing gel-like cross-linked
polymer (1) in the form of sheet (thickness; about 1 mm to 5
mm) was obtained. A concentration of solid content of the
water-containing gel-like cross-linked polymer (1) in the
form of sheet was measured to be 53 wt %, increasing by 10
wt % from the concentration of solid content (43 wt %) of the
monomer aqueous solution after the addition of the sodium
persulfate aqueous solution.

Next, the water-containing gel-like cross-linked polymer
(1) inthe form of sheet was subjected to gel-crushing by being
fed into a meat chopper (made by Hiraga Koushakusho)
equipped with a porous die of 6 mm in pore diameter while
adding water together. The gel-crush produced water-con-
taining gel-like cross-linked polymer (1) in the form of par-
ticles. The water-containing gel-like cross-linked polymer (1)
in the form of particles thus obtained was 50 wt % in concen-
tration of solid content, 976 um in weight average particle
diameter (D50), and 0.96 in logarithmic standard deviation
(o¥) of particle size distribution.

Subsequently, the water-containing gel-like cross-linked
polymer (1) in the form of particles was scattered over a
drying mesh to be accumulated by about 1 g/cm?® (with alayer
height of about 2 cm) on the drying mesh. Then, the water-
containing gel-like cross-linked polymer (1) in the form of
particles was dried by being fed to a through-flow type sta-
tionary dryer (made by Satake Chemical Equipment MFG.
Ltd. (through-flow type batch dryer; Product Code; 71-S6)),
thereby obtaining a dried polymer (1). The drying was con-
ducted at a drying temperature of 180° C. for drying time of
50 minutes with an ambient dewing point inside the dryer
adjusted to 70° C. by blowing steam into the dryer.

After that, the dried polymer (1) was pulverized by using a
roll mill (with roll clearance of 1 mm/0.7 mm/0.45 mm), and
then classified with JIS standard sieves of 850 um and 150 pm
in mesh size, thereby obtaining water-absorbing resin powder
(1). The water-absorbing resin powder (1) thus obtained was
3.6 wt % in moisture content, 36 g/g in CRC, and 9.2 wt % in
water soluble component.

Next, in a ploughshare mixer of 5 L. capacity (made by
Loedige), 500 g of the water-absorbing resin powder (1) was
supplied and stirred, which was then sprayed and mixed with
a surface crosslinking agent solution, being made up of 20 g
of water, 4 g of propylene glycol, and 1 g of ethylene glycol
diglycidyl ether, thereby obtaining a moistened mixture (1).

Then, in a mortar mixer (Nishinihon Shikenki Co., [.td.),
the mixture (1) was fed and heated (heating (oil bath) tem-
perature; 120° C., heating time; 30 min). After that, 1 g of
silica (made by Nippon Aerosil Co., Ltd./Product name;
Aerosil 200) was added in and mixed with the mixture (1),
thereby obtaining water-absorbing resin (S1). Physical prop-
erties of the water-absorbing resin (S1) thus obtained are
shown in Tables 1 and 2.

In the steps of the water-absorbing resin manufacturing
process herein, acetic acid removing rates were as follows:
12% in the polymerization step (the acetic acid concentration
was changed from 630 ppm to 680 ppm against moisture
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content change from 57 wt % to 47 wt %), 7% in the drying
step (the acetic acid concentration was changed from 680
ppm to 1150 ppm against moisture content change from 47 wt
% 10 3.6 wt %), approximately 0% in the surface crosslinking
step (the acetic acid concentration was changed from 1150
ppm to 1130 ppm against moisture content change from 3.6
wt % to 5.3 wt %), and substantially 0% in the other steps (as
in Example 2 and other Examples described below), with
18% throughout the overall manufacturing process. More-
over, in comparison with the acetic acid concentration (1800
ppm) in the acrylic acid used in the polymerization, the acetic
acid concentration in the water-absorbing resin (S1) thus
obtained was 1130 ppm, and acetic acid concentration low-
ering rate was 37.2% (=(1-1130/1800)x100).

Example 2

Water-absorbing resin powder (2) was prepared in the same
manner as in Example 1, except that, instead of the acrylic
acid composition (a2), the acrylic acid composition (a3)
being obtained in Production Example 3 with acetic acid
concentration of 1200 ppm was used. The water-absorbing
resin powder (2) thus obtained was 3.8 wt % in moisture
content, 34 g/g in CRC, and 8.3 wt % in water soluble com-
ponent.

Next, the water-absorbing resin powder (2) was added and
mixed with the surface crosslinking agent solution and silica
as used in Example 1, thereby obtaining water-absorbing
resin (S2). Physical properties of the water-absorbing resin
(S2) thus obtained are shown in Tables 1 and 2.

In the steps of the water-absorbing resin manufacturing
process herein, acetic acid removing rates were as follows
similarly to Example 1: 12% in the polymerization step (the
acetic acid concentration was changed from 420 ppm to 460
ppm against moisture content change from 57 wt % to 47 wt
%), 7% in the drying step (the acetic acid concentration was
changed from 460 ppm to 770 ppm against moisture content
change from 47 wt % to 3.8 wt %), and approximately 0% in
the surface crosslinking step (the acetic acid concentration
was changed from 770 ppm to 760 ppm against moisture
content change from 3.8 wt % to 5.2 wt %), with 18%
throughout the overall manufacturing process. Moreover, in
comparison with the acetic acid concentration (1200 ppm) in
the acrylic acid used in the polymerization, the acetic acid
concentration in the water-absorbing resin (S2) thus obtained
was 760 ppm, and thus acetic acid concentration lowering rate
was 36.7% (=(1-760/1200)x100).

Example 3

Water-absorbing resin (S3) was prepared in the same man-
ner as in Example 1 except that, instead of the surface
crosslinking agent solution, 15 g of water, 3.5 g of propylene
glycol, and 1.5 g of 1,4-butanediol were used, the heating
process was carried out at a heating temperature of 200° C. for
40 min under a slightly-reduced pressure lower than atmo-
spheric pressure by 0.2%, 5 g of a 27 wt % of aluminum
sulfate aqueous solution was used instead of silica, and the
mixing temperature was 80° C. Physical properties of the
water-absorbing resin (S3) thus obtained are shown in Tables
1 and 2.

In the steps of the water-absorbing resin manufacturing
process herein, acetic acid removing rates were as follows:
12% in the polymerization step (the acetic acid concentration
was changed from 630 ppm to 680 ppm against moisture
content change from 57 wt % to 47 wt %), 7% in the drying
step (the acetic acid concentration was changed from 680



US 9,320,822 B2

51

ppmto 1150 ppm against moisture content change from 47 wt
%10 3.6 wt %), 1% in the surface crosslinking step (the acetic
acid concentration was changed from 1150 ppm to 1170 ppm
against moisture content change from 3.6 wt % to 1.5 wt %),
and substantially 0% in the other steps, with 19% throughout
the overall manufacturing process. Moreover, in comparison
with the acetic acid concentration (1800 ppm) in the acrylic
acid used in the polymerization, the acetic acid concentration
in the water-absorbing resin (S3) thus obtained was 1150
ppm, and thus acetic acid concentration lowering rate was
36.1% (=(1-1150/1800)x100).

Example 4

Water-absorbing resin powder (4) was prepared in the same
manner as in Example 3, except that 171 parts by weight of'a
48.5 wt % of sodium hydroxide aqueous solution and 191
parts by weight of pure water were used (neutralization rate
was 69 mol %). The water-absorbing resin powder (4) thus
obtained was 4.6 wt % in moisture content, 32 g/g in CRC,
and 7.6 wt % in water soluble component.

Next, the water-absorbing resin powder (4) was added and
mixed with the surface crosslinking agent solution and alu-
minum sulfate aqueous solution as used in Example 3,
thereby obtaining water-absorbing resin (S4). Physical prop-
erties of the water-absorbing resin (S4) thus obtained are
shown in Tables 1 and 2.

In the steps of the water-absorbing resin manufacturing
process herein, acetic acid removing rates were as follows:
11% in the polymerization step (the acetic acid concentration
was changed from 640 ppm to 700 ppm against moisture
content change from 57 wt % to 47 wt %), 10% in the drying
step (the acetic acid concentration was changed from 700
ppmto 1130 ppm against moisture content change from 47 wt
%10 4.6 wt %), 1% in the surface crosslinking step (the acetic
acid concentration was changed from 1130 ppm to 1160 ppm
against moisture content change from 4.6 wt % to 1.4 wt %),
and substantially 0% in the other steps, with 21% throughout
the overall manufacturing process. Moreover, in comparison
with the acetic acid concentration (1800 ppm) in the acrylic
acid used in the polymerization, the acetic acid concentration
in the water-absorbing resin (S4) thus obtained was 1150
ppm, and acetic acid concentration lowering rate was 36.1%
(=(1-1150/1800)x100).

Example 5

Water-absorbing resin (S5) was prepared in the same man-
ner as in Example 1 except that the heating was performed by
using steam. Physical properties of the water-absorbing resin
(S5) thus obtained are shown in Tables 1 and 2.

In the steps of the water-absorbing resin manufacturing
process herein, acetic acid removing rates were as follows
similarly to Example 1: 12% in the polymerization step, 7%
in the drying step, 1% in the surface crosslinking step (the
acetic acid concentration was changed from 1150 ppm to
1100 ppm against moisture content change from 3.6 wt % to
7.4 wt %), and substantially 0% in the other steps, with 19%
throughout the overall manufacturing process. Moreover, in
comparison with the acetic acid concentration (1800 ppm) in
the acrylic acid used in the polymerization, the acetic acid
concentration in the water-absorbing resin (S5) thus obtained
was 1100 ppm, and thus acetic acid concentration lowering
rate was 38.9% (=(1-1100/1800)x100).

Example 6

An acrylic acid composition (a2) thus obtained in Produc-
tion Example 2 was mixed with commercially-available ace-
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tic acid (made by Wako Pure Chemical Industries, [td./Re-
agent Special Grade; distributer code 017-00256), thereby
obtaining an acrylic acid composition (a2+AcOH) with acetic
acid content (acetic acid concentration) of 7000 ppm.

Water-absorbing resin powder (6) was prepared from the
acrylic acid composition (a2+AcOH) in the same manner as
in Example 1. The water-absorbing resin powder (6) thus
obtained was 4.1 wt % in moisture content, 35 g/g in CRC,
and 8.5 wt % in water soluble component.

Next, the water-absorbing resin powder (6) was added and
mixed with the surface crosslinking agent solution and silica
as used in Example 1, thereby obtaining water-absorbing
resin (S6). Physical properties of the water-absorbing resin
(S6) thus obtained are shown in Tables 1 and 2.

In the steps of the water-absorbing resin manufacturing
process herein, acetic acid removing rates were as follows
similarly to Example 1: 12% in the polymerization step (the
acetic acid concentration was changed from 2450 ppm to
2660 ppm against moisture content change from 57 wt % to
47 wt %), 7% in the drying step (the acetic acid concentration
was changed from 2660 ppm to 4470 ppm against moisture
content change from 47 wt % to 4.1 wt %), approximately 0%
in the surface crosslinking step (the acetic acid concentration
was changed from 4470 ppm to 4420 ppm against moisture
content change from 4.1 wt % to 5.3 wt %), and substantially
0% in the other steps, with 18% throughout the overall manu-
facturing process. Moreover, in comparison with the acetic
acid concentration (7000 ppm) in the acrylic acid used in the
polymerization, the acetic acid concentration in the water-
absorbing resin (S6) thus obtained was 4420 ppm, and acetic
acid concentration lowering rate was 36.9% (=(1-4420/
7000)x100).

Comparative Example 2

An acrylic acid composition (a2) thus obtained in Produc-
tion Example 2 was mixed with commercially-available ace-
tic acid (made by Wako Pure Chemical Industries, [td./Re-
agent Special Grade; Distributer code 017-00256), thereby
obtaining an acrylic acid composition (c2) with acetic acid
content (acetic acid concentration) of 12000 ppm.

Water-absorbing resin powder (c2) was prepared from the
acrylic acid composition (c2) in the same manner as in
Example 1. The water-absorbing resin powder (c2) thus
obtained was 4.4 wt % in moisture content, 35 g/g in CRC,
and 11.5 wt % in water soluble component.

Next, the water-absorbing resin powder (c2) was added and
mixed with the surface crosslinking agent solution and silica
as used in Example 1, thereby obtaining water-absorbing
resin (c2). Physical properties of the water-absorbing resin
(c2) thus obtained are shown in Tables 1 and 2.

In the steps of the water-absorbing resin manufacturing
process herein, acetic acid removing rates were as follows:
12% in the polymerization step (the acetic acid concentration
was changed from 4200 ppm to 4550 ppm against moisture
content change from 57 wt % to 47 wt %), 7% in the drying
step (the acetic acid concentration was changed from 4550
ppm to 7660 ppm against moisture content change from 47 wt
% to 4.4 wt %), and approximately 0% in the surface
crosslinking step (the acetic acid concentration was changed
from 7660 ppm to 7590 ppm against moisture content change
from 4.4 wt % to 5.2 wt %), with 17% throughout the overall
manufacturing process. Moreover, in comparison with the
acetic acid concentration (12000 ppm) in the acrylic acid used
in the polymerization, the acetic acid concentration in the
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water-absorbing resin (¢2) thus obtained was 7590 ppm, and
thus acetic acid concentration lowering rate was 36.8% (=(1-
7590/12000)x100).

Comparative Example 3

An acrylic acid composition (a2) thus obtained in Produc-
tion Example 2 was mixed with commercially-available ace-
tic acid (made by Wako Pure Chemical Industries, [td./Re-
agent Special Grade; Distributer code 017-00256), thereby
obtaining an acrylic acid composition (c3) with acetic acid
content (acetic acid concentration) of 18000 ppm.

Water-absorbing resin powder (c3) was prepared from the
acrylic acid composition (c3) in the same manner as in
Example 1. The water-absorbing resin powder (c3) thus
obtained was 4.0 wt % in moisture content, 35 g/g in CRC,
and 13.05 wt % in water soluble component.

Next, the water-absorbing resin powder (c3) was added and
mixed with the surface crosslinking agent solution and silica
as used in Example 1, thereby obtaining water-absorbing
resin (c3). Physical properties of the water-absorbing resin
(c3) thus obtained are shown in Tables 1 and 2.

In the steps of the water-absorbing resin manufacturing
process herein, acetic acid removing rates were as follows:
12% in the polymerization step (the acetic acid concentration
was changed from 6300 ppm to 6830 ppm against moisture
content change from 57 wt % to 47 wt %), 7% in the drying
step (the acetic acid concentration was changed from 6830
ppm to 11530 ppm against moisture content change from 47
wt % to 4.0 wt %), and approximately 0% in the surface
crosslinking step (the acetic acid concentration was changed
from 11530 ppm to 11350 ppm against moisture content
change from 4.0 wt % to 5.3 wt %), with 17% throughout the
overall manufacturing process. Moreover, in comparison
with the acetic acid concentration (18000 ppm) in the acrylic
acid used in the polymerization, the acetic acid concentration
in the water-absorbing resin (c3) thus obtained was 11350
ppm, and thus acetic acid concentration lowering rate was
36.9% (=(1-11350/18000)x100).

Comparative Example 4

According to Example 1 of Patent Literature 11 (Japanese
Patent Application Publication, Tokukai, No. 2012-31292),
reverse-phase polymerization, azeotropic dehydration, filtra-
tion, and drying were performed, thereby obtaining compara-
tive water-absorbing resin (c4) with an acetic acid removing
rate of 32% in the overall water-absorbing resin manufactur-
ing process herein. The comparative water-absorbing resin
(c4) was 10 wt % in moisture content, 31 [g/g] in CRC, and 4
wt % in water soluble component. Moreover, in comparison
with propionic acid amount (12000 ppm) and acetic acid
amount (500 ppm) in the acrylic acid used in the polymeriza-
tion, the comparative water-absorbing resin (c4) thus
obtained was 0.25 wt % in propionic acid concentration, and
250 ppm in acetic acid concentration. Thus, an acetic acid
lowering rate of the comparative water-absorbing resin (c4)
was 50%.

Comparative Example 5

In order to find out how much acetic acid would be
removed by well-known foaming polymerization with
acrylic acid containing a large quantity of acetic acid, an
experiment was conducted in accordance with Comparative
Example 4 of Patent Literature 11 (Japanese Patent Applica-
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tion Publication, Tokukai, No. 2012-31292), thereby obtain-
ing comparative water-absorbing resin (c5).

Specifically, in accordance with the operation in Example
4 of Patent Literature 11, effervescent aqueous solution poly-
merization was conducted with acrylic acid having propionic
acid content (propionic acid concentration) of 1.2 wt % and
acetic acid content (acetic acid concentration) of 500 ppm. A
water-containing gel-like cross-linked polymer thus obtained
was grain-refined by using a meat chopper, thereby obtaining
a comparative water-containing gel-like cross-linked poly-
mer (c5) in the form of particles. The comparative water-
containing gel-like cross-linked polymer (c5) in the form of
particles thus obtained was 55 wt % in concentration of solid
content, 1150 pm in weight average particle diameter (D50),
and 1.63 in logarithmic standard deviation (oT) of particle
size distribution.

The comparative water-containing gel-like cross-linked
polymer (c¢5) in the form of particles was further treated as
follows even though the following treatment is not specifi-
cally described in Patent Literature 11. The comparative
water-containing gel-like cross-linked polymer (c5) in the
form of particles was scattered over a drying mesh to be
accumulated by about 1 g/cm?® (to be about 2 cm in layer
height) on the drying mesh. Then, the comparative water-
containing gel-like cross-linked polymer (c5) was dried at
200° C. for 40 min by using a well-known through-flow type
stationary dryer (made by Satake Chemical Equipment MFG.
Ltd. (Product Code; 71-S6)), thereby obtaining a comparative
dried polymer (c5).

Then, the comparative dried polymer (c5) was pulverized
by using a roll mill with roll clearance of 0.4 mm, and clas-
sified by using JIS standard sieves of 850 um and 150 um in
mesh size, respectively, thereby obtaining comparative water-
absorbing resin powder (c5) in a range of 150 pm to 850 um
in particle diameter.

The comparative water-absorbing resin powder (c5) thus
obtained was 2.4 wt % in moisture content, 35.8 g/g in CRC,
and 9.2 wt % in water soluble component. The comparative
water-absorbing resin powder (c5) as such was regarded as
comparative water-absorbing resin (c5). Physical properties
of the comparative water-absorbing resin (c5) thus obtained
are shown in Tables 1 and 2.

In the steps of the water-absorbing resin manufacturing
process herein, acetic acid removing rates were as follows:
12% in the polymerization step (the acetic acid concentration
was changed from 190 ppm to 200 ppm against moisture
content change from 55 wt % to 45 wt %), and 5% in the
drying step (the acetic acid concentration was changed from
200 ppm to 340 ppm against moisture content change from 45
wt % to 2.4 wt %), with 16% throughout the overall manu-
facturing process. Moreover, in comparison with the acetic
acid concentration (500 ppm) and propionic acid content
(1.2%) in the acrylic acid used in the polymerization, the
acetic acid concentration in the comparative water-absorbing
resin (c5) thus obtained was 340 ppm, and thus acetic acid
concentration lowering rate was 33%. Propionic acid remov-
ing rates were also calculated in the same manner as in the
acetic acid removing rate calculation, except that acetic acid
was replaced with propionic acid. The propionic acid remov-
ing rates were 35% in the polymerization step, and 15% in the
drying step, with 45% throughout the overall manufacturing
process of the comparative water-absorbing resin (c5). Thus,
removing rate of acetic acid/propionic acid in total was 44%.
This indicates that acetic acid (removing rate 16%) is more
difficult to remove, compared with propionic acid (removing
rate 45%).
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Example 7

The operation in Example 1 was repeated, except that the
drying step was changed as follows, thereby obtaining water-
absorbing resin powder (7), and water-absorbing resin (S7).

The drying step herein was conducted under such condi-
tions that the water-containing gel-like cross-linked polymer
(cl) in the form of particles was subjected to blowing of
over-heated steam of 120° C. for 10 minutes in a microwave
oven “Healsio” (made by Sharp Corporation, product code:
AX-GX2) in a water oven mode (after preheated), and then
dried at 180° C. for 30 minutes by using a through-flow type
stationary dryer (made by Satake Chemical Equipment MFG.
Ltd. (through-flow type batch dryer; Product Code; 71-S6)).
Temperature of the water-containing gel-like cross-linked
polymer in the form of particles after being subjected to the
blow of over-heated steam was about 80° C.

The water-absorbing resin powder (7) thus obtained was
4.1 wt % in moisture content, 37 g/g in CRC, and 9.7 wt % in
water soluble component.

In the steps of the water-absorbing resin manufacturing
process herein, acetic acid removing rates were as follows:
12% in the polymerization step (the acetic acid concentration
was changed from 630 ppm to 680 ppm against moisture
content change from 57 wt % to 47 wt %), 31% in the drying
step (the acetic acid concentration was changed from 680
ppm to 860 ppm against moisture content change from 47 wt
% to 4.1 wt %), and approximately 0% in the surface
crosslinking step (the acetic acid concentration was changed
from 850 ppm to 840 ppm against moisture content change
from 4.1 wt % to 5.3 wt %), with 39% throughout the overall
manufacturing process. Moreover, in comparison with the
acetic acid concentration (1800 ppm) in the acrylic acid used
in the polymerization, the acetic acid concentration in the
water-absorbing resin (S7) thus obtained was 840 ppm, and
acetic acid concentration lowering rate was 53.3% (=(1-840/
1800)x100).

Example 8

The operation in Example 1 was repeated, except that the
time period for blowing the over-heated steam in Example 7
was changed to 20 min, thereby obtaining water-absorbing
resin powder (8) and water-absorbing resin (S8).

Temperature of the water-containing gel-like cross-linked
polymer in the form of particles after being subjected to the
blow of over-heated steam was about 80° C. The water-ab-
sorbing resin powder (8) thus obtained was 4.1 wt % in
moisture content, 37 g/g in CRC, and 9.7 wt % in water
soluble component.
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In the steps of the water-absorbing resin manufacturing
process herein, acetic acid removing rates were as follows:
12% in the polymerization step (the acetic acid concentration
was changed from 630 ppm to 680 ppm against moisture
content change from 57 wt % to 47 wt %), 40% in the drying
step (the acetic acid concentration was changed from 680
ppm to 740 ppm against moisture content change from 47 wt
% to 4.1 wt %), and approximately 0% in the surface
crosslinking step (the acetic acid concentration was changed
from 740 ppm to 730 ppm against moisture content change
from 4.1 wt % to 5.3 wt %), with 47% throughout the overall
manufacturing process. Moreover, the acetic acid concentra-
tion in the water-absorbing resin (S8) was 730 ppm, and
acetic acid concentration lowering rate was 59.4% (=(1-730/
1800)x100).

Example 9

The operation in Example 3 was repeated, except that the
acrylic acid composition (a4) prepared in Production
Example 4 was used, thereby obtaining water-absorbing resin
(89).

Acetic acid removing rates in the steps of the manufactur-
ing process were similar to those in Example 3 with 19%
throughout the overall manufacturing process. Moreover, in
comparison with the acetic acid concentration (1470 ppm) in
the acrylic acid composition (a4), the acetic acid concentra-
tion in the water-absorbing resin (S9) was 940 ppm, and
acetic acid concentration lowering rate was 36.1% (=(1-940/
1470)x100).

Example 10

The operation in Example 8 was repeated, except that the
acrylic acid composition (a4) prepared in Production
Example 4 was used, thereby obtaining water-absorbing resin
(S10).

Acetic acid removing rates in the steps of the water-absorb-
ing resin manufacturing process were similar to those in
Example 8 with 47% throughout the overall manufacturing
process. Moreover, in comparison with the acetic acid con-
centration (1470 ppm) in the acrylic acid composition (a4),
the acetic acid concentration in the water-absorbing resin
(S10) was 600 ppm, and acetic acid concentration lowering
rate was 59.2% (=(1-600/1470)x100).

Referential Example 1

A water-absorbing resin was taken out from a diaper
(TENA Heavy Protection Underwear) made by SCA,
obtained in the USA in December, 2010, and set as control (3
pieces) for odor sensory evaluation.

TABLE 1

Acrylic acid composition ‘Water-absorbing resin AA.C
Acetic  Propionic Odor Odor  Residual Propionic Acetic  Low.
acid acid S.E.1 S.E.2 monomer acid acid rate
Type [ppm] [ppm]  Type [—] [—] [ppm] [ppm] [ppm] [%0]
Com. Ex. 1 a3 + ProA 1200 300 el 3.3 2.7 530 180 860 28.3
Example 1 a2 1800 400 S1 2.4 2.7 450 200 1130 37.2
Example 2 a3 1200 280 82 3.0 2.7 450 140 760 35.7
Example 3 a2 1800 400 S3 3.3 3.0 470 200 1150 35.1
Example 4 a2 1800 400 S4 3.3 2.9 470 190 1150 35.1
Example 5 a2 1800 400 S5 3.1 2.8 440 180 1100 38.9
Example 6 a2 + AcOH 7000 400 S6 3.5 2.6 440 190 4420 36.9
Com. Ex.2 ¢2 12000 400  ¢2 43 2.6 440 200 7590 36.8
Com. Ex.3 ¢3 18000 400 ¢3 4.8 2.8 440 200 11350 36.9
Com. Ex. 4 ¢4 500 12000 c4 34 3.3 190 2500 250 50.0
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TABLE 1-continued
Acrylic acid composition ‘Water-absorbing resin AAC
Acetic  Propionic Odor Odor  Residual Propionic Acetic  Low.
acid acid S.E.1 S.E.2 monomer acid acid rate
Type [ppm]  [ppm] Type —l —l [ppm] [ppm]  [ppm]  [%)]
Com.Ex.5 a4 500 12000  ¢5 45 3.5 520 5500 340 32.0
Example 7 a2 1800 400 87 3.1 2.9 330 140 840 533
Example 8 a2 1800 400 S8 3.1 2.9 290 130 730 59.4
Example 9 a4 1470 270 89 3.2 2.7 460 140 940 36.1
Example 10 a4 1470 270 S10 3 2.8 290 90 600 59.2
Ref. Ex.1  — — — 3.0 3.0 310 ND ND —
Com. Ex.: Comparative Example
Ref. Ex.: Referential Example
Odor S.E.: Odor sensory evaluation
A.A.C. Low. rate: Acetic acid concentration lowering rate
TABLE 2
Water-absorbing resin
Logarithmic Internal
Weight average standard gas
particle diameter ~ deviation Moisture  bubbles
(D50) (cQ) CRC AAP PSR content ratio
Type [um] -l [g/g] [gg] SPCI()] [g/gls] [t %] -l
Com.Ex.1 cl 410 0.43 30 22 41 0.23 5.1 03
Example 1l  S1 430 0.33 28 22 96 0.24 53 13
Example 2 S2 430 0.33 27 22 97 0.24 5.2 13
Example 3 S3 430 0.33 2723 121 0.24 23 13
Example4  S4 430 0.33 26 23 125 0.24 2.1 13
Example 5 S5 430 0.34 26 23 92 0.24 7.4 13
Example 6  S6 430 0.34 27 22 94 0.24 53 14
Com.Ex.2 «c2 430 0.34 2719 86 0.24 5.2 14
Com.Ex.3 ¢3 430 0.34 27 18 83 0.24 53 15
Com.Ex.4 c4 490 0.31 31 — — — 10.0 0.1
Com.Ex.5 ¢35 420 0.43 kI — — — 5.2 23
Example 7 S7 430 0.34 28 22 94 0.24 53 15
Example 8 S8 430 0.34 28 22 94 0.25 53 15
Example 9 S9 430 0.33 2723 120 0.24 23 13
Example 10 S10 430 0.34 28 22 94 0.25 53 1.6
Ref. Ex.1  — 380 0.39 32 2 16 0.27 5.1 0.1
(1) x 107 em® s+ g’1
Com. Ex.: Comparative Example
Ref. Ex.: Referential Example
(Main Points) the acetic acid concentration lowering rate was 35% or
In Comparative Example 1, the experiment was carried out 45 higher, which was higher than those of Comparative Example
in accordance with Example? 3of Patent Literature 12 Us. 1 and Comparative Example 6, because the particle size of the
Pat. No.7,307,132), ﬂaind the }ncri:)ao/se m(sioﬁdgomem in poly- water-containing gel-like cross-linked polymer, the drying
merization was insulficient (l'e'; o) and the drying tempera- temperature, and the dewing point were controlled. More-
ture was relatively low, i.e., 160° C. Therefore, the acetic acid . . .
. . . o over, by thus controlling the particle size, the amount of fine
concentration lowering rate was low (i.e., 28.3%). .
. - - 50 powder was reduced so that the specific surface area was
The comparative water-absorbing resin powder (4) derately reduced. The water-absorbi . hich
obtained in Comparative Example 4 showed a water repellent mho erg ey rz ,UC% - 1he lw a Tr'irsor hm6g resins, w (ic wer ?
property. This phenomenon indicates that the surfactant thus obtained 1 Examples 1 through 6, were made up o
remained on the surface of the comparative water-absorbing acrylic acid in which an acetic acid concentration was higher
resin powder (4). Further, the comparative water-absorbing Fhan that of generally used acrylic acid. However, worsening
resin powder (4) was in the form of large spherical particles, 55 inodor was har d.ly shown in the odor sensory evaluat.lc.)n, and
had an excessively small specific surface area, and showed a the water absorbing property, i.e., the liquid permeability was
low water absorbing speed (FSR). high. Therefore, the water-absorbing resins obtained in
In Comparative Example 5, the propionic acid concentra- Examples 1 through 6 are suitable for a thin diaper and the
tion in acrylic acid was high and an odor was generated from like.
the obtained comparative water-absorbing resin powder. 60  In Production Example 3 and Example 2, acrylic acids

Moreover, the logarithmic standard deviation (oT) of particle
size distribution of the water-containing gel-like cross-linked
polymer was not controlled and the dewing point in the drying
step was low, and therefore the removal of acetic acid was not
sufficiently carried out.

On the other hand, in Examples 1 through 6, the increase in
solid content in the polymerization was higher, i.e., 10%, and

65

having different acetic acid contents (acetic acid concentra-
tions) were mixed together. Even in a case where acrylic acid
containing a high concentration of acetic acid is used, it is
possible to sufficiently lower the acetic acid concentration in
the water-absorbing resin by combining with the method of
the present invention for lowering the acetic acid concentra-
tion. Further, this makes it possible to achieve advantage of
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scale and further leveling of quality, as compared with manu-
facturing of water-absorbing resin for each of acrylic acids
having different acetic acid concentrations.

In Examples 3 and 4, the heat treatment was carried out and
additionally the pressure was slightly (i.e., by 0.2%) reduced
in the surface crosslinking step. Therefore, acetic acid was
removed also in the surface crosslinking step.

The neutralization rate in Example 4 (i.e., 69 mol %) was
lower than that of Example 3 (i.e., 75 mol %)). Therefore, the
acetic acid concentration lowering rate was slightly increased
from 36.1% to 37.2%. This may be because the decrease in
neutralization rate inhibited acetic acid from becoming acetic
acid salt and evaporation easily occurred.

In Comparative Examples 2 and 3, the acetic acid concen-
tration lowering rate was approximately 37%. However, the
acetic acid concentration in acrylic acid was higher than
10000 ppm, and therefore the obtained water-absorbing resin
had problems of not only odor but also deterioration in water
absorbing property (AAP, SFC).

In Example 6, the odor sensory evaluation 1 and the odor
sensory evaluation 2 were carried out simultaneously, and the
degree of odor evaluated in the odor sensory evaluation 2 was
lower than that of the odor sensory evaluation 1. This may be
because the ammonia odor, which was derived due to ammo-
nium salt contained in the absorbed liquid used in the odor
sensory evaluation 2, was combined with odor of the acetic
acid which was contained by 4420 ppm in the water-absorb-
ing resin powder (6) of Example 6, and the ammonia odor and
the acetic acid odor canceled each other out.

In Examples 7 and 8, the hydrogel is exposed to steam so as
to have higher humidity than Examples 1 through 6. There-
fore, acetic acid was efficiently removed, and the acetic acid
concentration lowering rate was improved.

In Examples 9 and 10, acrylic acid was used whose acetic
acid concentration was higher, by 5 times or more, than pro-
pionic acid concentration by crystallization, that is, the pro-
pionic acid concentration was originally low. The acetic acid
removing rate, the acetic acid concentration lowering rate,
and water absorbing properties of the obtained water-absorb-
ing resin were substantially identical with those in the case
where acrylic acid obtained by distillation was used.

In Comparative Example 1, the average sphericity of the
comparative water-absorbing resin (c1) was 0.67. In Com-
parative Example 4, the average sphericity of the comparative
water-absorbing resin (c4) was 0.66. In Comparative
Example 5, the average sphericity of the comparative water-
absorbing resin (c5) was 0.95. In Examples 1 through 8, the
average sphericities of the water-absorbing resins were in a
range of 0.70 to 0.72.

The present invention is not limited to the embodiments,
but can be altered by a skilled person in the art within the
scope of the claims. An embodiment derived from a proper
combination of technical means disclosed in respective dif-
ferent embodiments is also encompassed in the technical
scope of the present invention.

INDUSTRIAL APPLICABILITY

The method of the present invention for manufacturing
polyacrylic acid (salt)-based water-absorbing resin is appli-
cable to production, in particular, mass production of water-
absorbing resin. Moreover, the polyacrylic acid (salt)-based
water-absorbing resin obtained by the present invention is
suitable for an absorbent body of hygiene product such as a
disposable diaper.
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The invention claimed is:

1. A method for manufacturing a polyacrylic acid (salt)-
based water-absorbing resin, said method comprising the
steps of:

(a) preparing a monomer aqueous solution containing

acrylic acid (salt) as a main component;
(b) obtaining a water-containing gel-like cross-linked
polymer by carrying out aqueous solution polymeriza-
tion or spray drop polymerization with the monomer
aqueous solution;
(c) drying the water-containing gel-like cross-linked poly-
mer; and
(d) surface-crosslinking water-absorbing resin powder
obtained after the step (c),
the steps (a) through (d) being carried out in this order,
an acetic acid concentration in acrylic acid or an acrylic
acid aqueous solution, which is supplied in the step
(a), being in a range of 300 ppm to 10000 ppm (on an
acrylic acid basis),

in the acrylic acid or the acrylic acid aqueous solution,
the acetic acid concentration (ppm) is higher than a
propionic acid concentration (ppm) by 3 times or
more and

an acetic acid concentration lowering rate, which is
defined by Formula 1 below, being 35% or higher:

[Math. 1]

(Acetic acid concentration lowering rate) (%)={1-
(acetic acid concentration (ppm) in water-absorb-
ing resin)/(acetic acid concentration (on acrylic
acid basis) (ppm) in acrylic acid or acrylic acid

aqueous solution) }x100 Formula 1

where “(acetic acid concentration (ppm) in water-absorb-
ing resin)” is an acetic acid concentration in the poly-
acrylic acid (salt)-based water-absorbing resin, and
“(acetic acid concentration (on acrylic acid basis) (ppm)
in acrylic acid or acrylic acid aqueous solution)” is an
acetic acid concentration (on the acrylic acid basis)
(ppm) in the acrylic acid or the acrylic acid aqueous
solution which is supplied in the step (a).

2. The method as set forth in claim 1, wherein:

the polymerization is foaming polymerization or grain
refining polymerization in which the monomer aqueous
solution has a concentration of solid content in a range of
30 wt % to 55 wt % and a degree of increase in solid
content in the monomer aqueous solution is in a range of
1 wt % to 15 wt %; and

acetic acid contained in the monomer aqueous solution is at
least partially removed in the step (b).

3. The method as set forth in claim 1, wherein:

the polymerization is carried out on the monomer aqueous
solution which has a concentration of solid content of
lower than 30 wt %; and

in and/or after the step (b), said method further comprises
the step of neutralizing the water-containing gel-like
cross-linked polymer.

4. The method as set forth in claim 1, wherein:

the water-containing gel-like cross-linked polymer, which
is subjected to the step (c), is such that a weight average
particle diameter (D50) of the water-containing gel-like
cross-linked polymer is in a range 0350 pm to 2000 um,
and a logarithmic standard deviation (oC) of particle size
distribution of the water-containing gel-like cross-
linked polymer is in a range of 0.2 to 1.5.

5. The method as set forth in any claim 1, wherein:

inthe step (c), acetic acid contained in the water-containing
gel-like cross-linked polymer, whose concentration of
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solid content is 50 wt % or lower, is at least partially
removed by drying the water-containing gel-like cross-
linked polymer by hot air.

6. The method as set forth in claim 1, wherein:

inthe step (¢), acetic acid contained in the water-containing
gel-like cross-linked polymer is at least partially
removed by adding a drying aid to the water-containing
gel-like cross-linked polymer.

7. The method as set forth in claim 1, wherein:

inthe step (¢), acetic acid contained in the water-containing
gel-like cross-linked polymer is at least partially
removed by drying the water-containing gel-like cross-
linked polymer at a drying temperature in a range of
165° C. to 230° C. for 5 minutes or more.

8. The method as set forth in claim 1, wherein:

inthe step (¢), acetic acid contained in the water-containing
gel-like cross-linked polymer is at least partially
removed (i) by controlling an ambient dewing point to
bein a range 0of 50° C. to 100° C. during 50% or more of
drying time or (ii) by reducing a pressure by 0.1% to 5%
with respect to an atmospheric pressure during 50% or
more of drying time.

9. The method as set forth in claim 1, further comprising
the step of: (e) carrying out pulverization with use of a mul-
tiple-stage roll mill after the step (c).

10. The method as set forth in claim 1, wherein:

in the step (d), acetic acid contained in the water-absorbing
resin powder is at least partially removed by surface-
crosslinking the water-absorbing resin powder in the
presence of an acidic compound.

11. The method as set forth in claim 1, wherein:

in the step (d), acetic acid contained in the water-absorbing
resin powder is at least partially removed by adding a
surface crosslinking agent solution and then reducing
the pressure by 0.1% to 5% with respect to the atmo-
spheric pressure during 50% or more of heat treatment
time.

12. The method as set forth in claim 1, further comprising

the step of:

(f) remoistening the water-absorbing resin, which has been
obtained after the step (d), by carrying out heat treatment
after adding 0.5 part by weight to 15 parts by weight of
water to 100 parts by weight of the water-absorbing
resin.

13. The method as set forth in claim 12, wherein:

in the step (f), a polyvalent metal ion is added.

14. The method as set forth in claim 12, wherein:

in the step (f), acetic acid is at least partially removed by
maintaining the water-absorbing resin, which has been
remoistened, at a temperature in a range of 65° C. to 99°
C. for 5 minutes or more.

15. The method as set forth in claim 12, wherein:

in the step (f), a moisture content in the water-absorbing
resin is controlled to be in a range of 2 wt % to 9 wt %.

16. The method as set forth in claim 1, wherein:

an acetic acid concentration in the polyacrylic acid (salt)-

based water-absorbing resin is in a range of 100 ppm to
7000 ppm.
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17. The method as set forth in claim 1, wherein:
acetic acid contained in the acrylic acid or the acrylic acid
aqueous solution supplied in the step (a) is removed in
and/or after the step (b) so that an acetic acid removing
rate defined by Formula 2 below becomes 10% or
higher:
[Math. 2]

(Acetic acid removing rate) (%)={1-(acetic acid con-
centration after processing) (ppm)x(weight of
water-absorbing resin after processing) (g)/(ace-
tic acid concentration before processing) (ppm)x
(weight of water-absorbing resin before process-

ing) (g)}x100

18. The method as set forth in claim 1, wherein:
in the acrylic acid or the acrylic acid aqueous solution, the
acetic acid concentration is in a range of 1300 ppm to
10000 ppm, and the propionic acid concentration is 400
ppm or lower.
19. The method as set forth in claim 1, wherein:
acetic acid is removed by causing an acetic acid-containing
exhaust gas, which has been generated, to make contact
with an alkaline liquid so that acetic acid is absorbed by
the alkaline liquid.
20. The method as set forth in claim 1, wherein:
the acrylic acid or the acrylic acid aqueous solution is a
mixture of two or more types of acrylic acid or acrylic
acid aqueous solution which are different in acetic acid
concentration.
21. The method as set forth in claim 1, wherein:
in the acrylic acid or the acrylic acid aqueous solution, an
amount of methoxyphenols is in a range of 10 ppm to
160 ppm, an amount of an acrylic acid dimer is 1000
ppm or less, an amount of protoanemonin (PAN) is 5
ppm or less, an amount of an aldehyde content is 5 ppm
or less, and a total amount of allyl acrylate and allyl
alcohol is 20 ppm or less.
22. A polyacrylic acid (salt)-based water-absorbing resin,
wherein:
an acetic acid concentration is in a range of 100 ppm to
7000 ppm, a propionic acid concentration is less than
300 ppm, a residual monomer concentration is less than
500 ppm, a weight average particle diameter (D50) is in
arange of 300 um to 600 um, and a logarithmic standard
deviation (0C) of particle size distribution is in a range of
0.20 to 0.50, and the acetic acid concentration (ppm) is
higher than the propionic acid concentration (ppm) by 3
times or more.
23. The polyacrylic acid (salt)-based water-absorbing resin
as set forth in claim 22, wherein:
an internal gas bubbles ratio is in a range 0f 0.1% to 3.0%,
and a water absorbing speed (FSR) is in a range of 0.10
t0 0.40 (g/g/s).
24. The polyacrylic acid (salt)-based water-absorbing resin
as set forth in claim 22, wherein:
a saline flow conductivity (SFC) is 50[x10~7-s-cm>-g™] or
higher.
25. The polyacrylic acid (salt)-based water-absorbing resin
as set forth in claim 22, wherein a sphericity is 0.65 or higher.
26. The polyacrylic acid (salt)-based water-absorbing resin
as set forth in claim 22, wherein:
the polyacrylic acid (salt) is polyacrylic acid sodium salt
whose neutralization rate is 10 mol % or higher and
lower than 90 mol %.

Formula 2.
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